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Vol. V August 1960 


FOREWORD 


On August 22 the third post-war International Congress of Physical Medicine 
opens in Washington. An occasion when specialists from all over the world 
meet to discuss their problems stimulates us to take stock of physical medicine 
in our Own country. 

We have seen during the past decade a notable growth and expansion of 
our specialty. A fundamental change lies in the fact that, as physicians in our 
own right, patients with disorders of the locomotor system are increasingly 
referred to us for diagnosis and management. This is in marked contrast to the 
past, when our main function was to supervise the treatment of our colleagues’ 
patients. Evidence of our development is readily apparent. The number of 
consultants in the National Health Service is at present 100 compared with 
46 when the Service started. Many departments in the country have hospital 
beds attached to them. A sound basic training in general medicine is accepted 
as essential, and nearly all consultants now appointed are members of one of 
the Royal Colleges of Physicians in addition to holding the Diploma in Physical 
Medicine. Our whole approach to the subject is far more critical than formerly, 
as is well illustrated in our contributions to the medical literature. Of the many 
who are responsible for these advances three are outstanding. First Frank 
Howitt, who from the time he was appointed to the staff of a London teaching 
hospital to his untimely death in 1954 strove untiringly to make physical 
medicine a clinical discipline; secondly Lord Horder, who as physician and 
medical statesman guided and encouraged us during the twelve years that he 
was President of the Association; and finally Philippe Bauwens, whose scientific 
contributions are known throughout the world. 

It is not only in the treatment of the locomotor disorders that our responsi- 
bilities have increased, but also in the wide field of rehabilitation. We have 
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progressed far since the war, when rehabilitation implied the restoration of the 
injured. To-day an important part of our work consists in helping the victims 
of degenerative disease to fuller use of their surviving faculties. The establish- 
ment of Departments of Aids to Daily Living has helped the hemiplegic, the 
rheumatoid cripple, and others to get back to work or at least to live an 
independent existence. In this fascinating development doctor, physiotherapist, 
occupational therapist, and almoner find common ground. The evolution of 
this work owes much to the enthusiasm and ability of Frank Cooksey and of the 
late Group Captain O’Malley. 

We can record with satisfaction a steady increase in the membership of 
the British Association of Physical Medicine. The Association was founded in 
1943 with 70 members, and by the end of the war the number had risen to 108. 
To-day that number has doubled, and includes 25 members from the Common- 
wealth and 3 Honorary Members from overseas. 

The forthcoming International Congress is certain to be successful, for 
those of us who have experienced American hospitality know that a Congress 
arranged in Washington by our American colleagues cannot fail to prove a 
most memorable and happy event. On behalf of the members of the British 
Association of Physical Medicine I should like to convey to all taking part in 
the Congress greetings and good wishes. 

HUGH BURT 
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ORIGINAL PAPER 


METABOLIC DISEASES AFFECTING THE LOCOMOTOR 
SYSTEM 


I. METABOLIC JOINT DISEASE* 


By R. M. MASON 
From the London Hospital, Whitechapel 


GARROD’S Croonian Lectures to the Royal College of Physicians of London 
given in 1908 form an obvious starting-point to any discussion of metabolic 
disorders. He described four inborn errors of metabolism in alphabetical order 
—albinism, alkaptonuria, cystinuria, and pentosuria; and in 1923 he added two 
more—congenital steatorrhoea and haematoporphyrinuria. Three of his 
original four disorders were characterized by the presence in the urine of a 
readily identifiable abnormal metabolite, while the fourth, albinism, was equally 
readily identifiable as an abnormality of pigment in the superficial tissues of the 
body visible to the naked eye. In simple terms, the metabolic abnormality was 
sufficiently clearly labelled to be recognizable even with the relatively primitive 
techniques available half a century ago; the label being, in two of the diseases, 
conveniently associated with the presence of an abnormal, or the absence of a 
normal, pigment. In the intervening years the metabolic disorders of joints 
that we know are still characterized by obvious gross changes, and biochemical 
techniques have done little beyond filling in the details for us. 

Gout is also associated with an obvious metabolic disorder, although 
Garrod did not include it in the four original errors of metabolism, because he 
was not sufficiently convinced that the accumulation of uric acid was in fact 
due to a metabolic error, and thought it might be the result of an excretory 
defect of the kidney. Thannhauser—in his book with the magnificent title of 
Lehrbuch des Stoffwechsels und der Stoffwechselkrankheiten, published in 1929, 
argued that the primary defect of gout lies in the kidney, and he apparently 
maintains this (Thannhauser, 1956), as do Nugent and Tyler (1959), though such 
a concept has been vigorously attacked in the United States by de Witt Stetten, 
Talbott, and their colleagues (1957) and by Wyngaarden (1958). Whatever the 
role of the kidney in gout, it is almost certainly of vital interest to us, and I shall 
return to it later. Meanwhile we must add gout to our list of metabolic joint 
diseases. I propose to add xanthomatosis to this list, for here is undoubtedly an 

* The first of three papers of a symposium presented at the Annual Meeting of the 


British Association of Physical Medicine, April 29, 1960. Papers II and III will appear in 
subsequent issues of the ANNALS. 
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inborn error of metabolism, in its familial form at least (Leonard, 1956). It 
produces tendon nodules and para-articular osseous defects (March et al., 1957). 
It has the advantage of a recognizable alteration of pigmentation and an easily 
identifiable metabolic abnormality characterized by hypercholesterolaemia, 
which is a highly topical condition to those of us who are reaching middle age, 
although perhaps, in this respect at least, we are a little behind our American 
colleagues. We have to consider this condition against the background of the 
other syndrome, Letterer-Siwe 
disease, eosinophilic granuloma of bone—all associated with a normal serum 
cholesterol level, as well as those with which hypercholesterolaemia is associated, 
such as that described by Ansell and Bywaters (1957) resulting from biliary 
cirrhosis. There is also the chronic arthritis of Gaucher’s disease. I deliberately 
exclude joint disorders arising from endocrine abnormalities, such as acro- 
megaly, diabetes, thyrotoxicosis, or even obesity, since these could well provide 
us with a subject on their own; and I also exclude iatrogenic arthritis, such as 
steroid arthropathy of the hip-joint (Murray, 1960; Sweetnam et al., 1960). 


ALKAPTONURIA 


This is a rare disease, its incidence being calculated as about one in ten 
million (Hogben et al., 1932). Even with our present overloaded out-patient 
departments we are not likely, therefore, to see many cases. In fact, only some 
100 cases of ochronosis had been reported up to 1959 when Cervanansky et al. 
(1959) from Czechoslovakia described a further 36. The biochemical abnor- 
mality lies in the metabolism of tyrosine, which after transamination is prob- 
ably further oxidized to homogentisic acid. Normally the benzene nucleus 
of homogentisic acid is broken down into fumaric and acetic acids, but 
where this process is incomplete, as in alkaptonurics, homogentisic acid 
accumulates and appears in the urine, giving rise to two of the characteristic 
clinical features of this disease. When exposed to air the urine gradually becomes 
dark brown or black, producing staining of the underclothes. Secondly, it is a 
strong reducing substance, and, as Osler (1904), Martin et al. (1952), and 
McKenzie et al. (1957) point out, a previous diagnosis of diabetes mellitus is a 
frequent feature. This was almost the case, indeed, in the single patient I have 
seen, as I shall describe. The pigment produced is deposited in mesodermal 
tissue, especially in cartilage, thus producing the characteristic joint disorder of 
ochronosis. The nature of this pigment remains obscure; it is not like melanin 
(Milch et al., 1957), and the apparent tendency for it to localize in tissues with 
a high chondroitin-sulphate content is unexplained. Nor do we understand the 
mechanism of oxidation in these tissues; such evidence as there is (Milch and 
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Titus, 1958) suggests that some local enzyme system must be involved rather 
than molecular oxygen. However, whether we understand it or not, the clinical 
picture is clear enough. 


CASE REPORT 


An Indian aged 34 was referred to me as a possible case of ankylosing spondy- 
litis, a diagnosis which had been apparently confirmed by radiography. He gave a six 
years’ history of chronic low backache without acute episodes, associated with some 
stiffness, especially in the morning, relieved by getting about and by standing on his 
head (he practised yoga). On examination his lumbar spine was limited so that he 
could only reach to the mid-tibiae. His chest expansion was 14 inches, his ears were of 
a curious bluish-grey colour, and his urine on ordinary clinical testing strongly 
reduced Benedict’s solution (thus momentarily suggesting a diagnosis of diabetes). 
Radiographs (Plate XV, Figs. 1 and 2) were characteristic, with thin, ragged, calcified 
disks associated with considerable osteophytosis. The sacro-iliac joints were normal. 
The urine turned black after some hours’ standing and immediately on alkalinization, 
and contained homogentisic acid in large amounts. Unfortunately, the rest of his 
family were in Bombay, but the family history was as follows: neither of the parents, 
who were unrelated, had arthritis; there were eight siblings, of which one, a brother 
aged 37, complained of backache. None was available for study. 


This patient did not show the ochronotic pigmentation of the sclera said 
to be an invariable feature. This appearance is very characteristic—a symmetrical 
V-shaped accumulation of pigment in the sclera where it is exposed to the light. 
The arthritis may affect other joints, especially the knees, shoulders, and hips, 
in that order of frequency (Cervanansky ef al., 1959), and may give rise to 
severe disablement. No treatment is helpful, although vitamin C in large doses 
and possibly thiouracil are said to be of value. By and large, we have little to 
offer to supplant yoga for this patient, but I am sorry that no follow-up is 
available to assess its value. 

I can find no trace in the literature of any previous case reported in India. 
One case has been reported from Africa (Sacks, 1951), one in an Australian 
native (Wilson, 1951), and even two from Ireland (Shea, 1951). 

That this is an inherited disorder is accepted, but the mode of inheritance 
is arguable. Milch (1955) has summed it up by suggesting that it is carried by a 
pair of coexistent and incompletely penetrant dominant factors. In the 22 
families studied by Cervanansky in Czechoslovakia there were 119 patients with 
alkaptonuria, of whom 36 had ochronotic arthritis. 


GOUT 


If the treatment of ochronotic arthropathy seems unsatisfactory, we have 
now reached the point where gout can be regarded as the one form of arthritis 


: 
| 
| 
| 
| 
| | 
Age 
| 
| 
q 
a 
i 
i 
4 
| 
| 
4 
| 
sat 
| 
| 


230 ANNALS OF PHYSICAL MEDICINE VOL. V NO. 7 


for which we have adequate therapeutic weapons, and yet, perversely, there 
remain large gaps in our knowledge of the nature of the metabolic disorder. 
Perhaps most obvious is our lack of understanding of the acute attack: its 
irregular occurrence, the variability of the precipitating factors, and the 
intensity of the reaction. Why the dry skin in contrast to all other forms of acute 
arthropathy? Why the lack of correlation between serum uric acid levels and 
acute gout (Jacobson, 1938; Mason, 1951)? Why does the production of 
uricosuria sometimes precipitate acute attacks (Gutman and Yu, 1952, 1957; 
Mason, 1954a), and what happens in the synovial tissues during acute gout? 
Though we know that urate deposits act as irritants and are surrounded by an 
inflammatory foreign-body reaction (Bauer, 1943), we do not know whether 
deposition of urate crystals precedes the acute attack, as suggested by Sokoloff 
(1957), or not (Villa et al., 1958). How does colchicine work in acute gout, and 
why is phenylbutazone equally effective and indeed is replacing colchicine? 
There is no doubt that the use of radioactive tracer techniques is beginning to 
unravel the difficult problem of purine metabolism in man, who has this almost 
unique inability to carry the breakdown process of purines beyond uric acid. 
The Dalmatian, who is apparently unable to reabsorb urate in the tubules, joins 
us in this respect, even though he does not lack uricase. Note his intelligent face. 
Orowan (1955) has gone so far as to suggest that uric acid, like caffeine and 
theobromine, has a stimulating action on the brain. This may indeed have 
contributed to the intellectual development of the primates, and it might be 
true to say that mankind as a whole suffers from an inborn error of metabolism 
characterized by the absence of uricase, and that it is this which distinguishes 
man from the lower orders. Be that as it may, the gouty patient is usually of 
more than average intellectual capacity, and studies of serum uric acid levels 
and intelligence quotients do, I believe, show some correlation. 

When glycine labelled with '"N is injected into gouty subjects it often 
appears in the urinary uric acid more rapidly than normal—evidence of over- 
production in gouty subjects (Benedict et al., 1952). Wyngaarden (1957), using 
C-labelled glycine, showed that this was a regular phenomenon in gouty 
subjects. Further, by using labelled 4-amino-5-imidazolecarboxamide (AIC), 
which enables the pathway to be entered after glycine, not only can it be 
shown (Seegmiller et al., 1955, 1957) that uric acid is produced in excess, but 
also, by giving AIC at the same time as N-labelled glycine, evidence can be 
produced of some control mechanism for purine metabolism—a mechanism 
which appears to differ in gouty and normal subjects. However, I will not 
pursue the matter further, but will simply quote Professor Dent (1957), who 
said that when a hereditary metabolic disorder presented a confusing bio- 
chemical picture, in his view it was because “‘we have not yet gotten down to the 
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basic chemical pathology, but are merely fiddling around with a less important 
secondary phenomenon”. 


URICOSURIC AGENTS 


Perhaps I may turn for a moment to the rather more simple problem of 
uric acid as such. We can at least say that we are now in a position to deal with 
this, and we now have a formidable list of uricosuric agents at our disposal, all 
active at the tubular level, ranging from aspirin and the anticoagulants 
(Sougin-Mibashan and Horwitz, 1955; Thompson et al., 1959) to zoxazola- 
mine (Reed ef al., 1958; Burns et al., 1958). Some of these are of purely aca- 
demic interest, for most have minor disadvantages, not least of which is that, 
since they do not influence the underlying metabolic defect, whatever that may 
be, they have to be taken indefinitely, thus simply substituting a lifetime of drug- 
taking for a lifetime of gout, and we at least in Britain must clearly consider 
carefully the justification for embarking on this before we accept it. There are, 
however, at present only three drugs which deserve consideration from the 
practical aspect of treating our patients—salicylates, probenecid (Benemid), 
and sulphapyrazone (Anturan or G28315). 


SALICYLATES 


There is no doubt that either sodium salicylate or acetylsalicylic acid in 
sufficient doses (60-120 grains daily) will produce a marked uricosuria (Marson, 
1953), and indeed Marson (1955) found himself able to talk about “‘complete 
relief of gout”. In spite of this the vast majority of patients will simply not 
accept a lifetime of taking something like 18 aspirin tablets a day. In view of the 
recent evidence of gastro-intestinal bleeding produced by aspirin perhaps they 
are wise. 


PROBENECID 


The only therapeutic effect of probenecid is on tubular reabsorption of 
urate producing a 35% to 200% increase in urate output. There is one very 
interesting result which I have already mentioned, the precipitation of acute 
attacks of gout (Mason, 1954a), a phenomenon remarked on by many others 
also. This to me is of the greatest interest because of its theoretical implications. 
One explanation is that acute gout is due to an abnormal precursor of uric acid 
present in these subjects, who also retain the normal metabolic pathway. This 
would explain, not only this phenomenon of probenecid-induced gout with 
which we are familiar and which we try to avoid in practice by using small 
initial doses to produce a gentle uricosuria, but also the effectiveness of 
colchicine, which is not associated with any change in blood levels. I am not 
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aware, however, of any experimental evidence to support this hypothesis. 
Whatever the theoretical implications of this phenomenon, it is established that 
we can control the frequency of acute attacks and reduce the size of tophi (Yu 
and Gutman, 1951, 1957; Mason, 1956; Talbott, 1957; and many others). 
Nevertheless it seems clear that in over 25% of cases the serum uric acid cannot 
be brought to within even high normal levels by the use of probenecid. This has 
led to the development of a more potent uricosuric agent—sulphapyrazone, a 
derivative of phenylbutazone, which of itself has only a mild uricosuric effect 
(Yu et al., 1953; Mason, 1954a). 


SULPHAPYRAZONE (ANTURAN; G28315) 


Anturan has been shown by Ogryzlo and Harrison (1957) to be some six 
times as potent dose for dose as probenecid, and further reports (Burns et al., 
1957; Yu et al., 1958; Kersley et al., 1958) have all confirmed its status as the 
most potent uricosuric agent with to date the possible exception of zoxazolamine 
(whose practical value is perhaps doubtful). It shares with probenecid the 
property of being blocked by aspirin, a nuisance in any chronic painful joint 
disorder, and its “half-life” of three hours demands more frequent pill-taking 
than probenecid, which is perfectly effective when taken night and morning, 
thus relieving the patient of having to carry a bottle around with him all day— 
an important point if this is to become a life-long habit. It lacks the analgesic 
and anti-inflammatory properties of phenylbutazone, nor does it have the 
specific effect of the latter on acute gout, so phenylbutazone may have to be 
used in some cases of chronic gout for a preliminary period. 

The availability of these two uricosuric agents, probenecid and sulpha- 
pyrazone, raises not only the problem of the choice of one drug or the other, 
but the very interesting problem of deciding when long-term uricosuric therapy 
should be begun. I used to teach that the indications depended solely on the 
frequency of acute joint episodes, and that, depending to some extent on the 
individual, uricosuric therapy should be instituted only when the pattern of 
frequency of attacks had been observed long enough to establish that the patient 
was likely to have more than one attack a year. 


RENAL INVOLVEMENT 


More recently, however, evidence has been accumulating that hyper- 
uricaemia of itself is harmful. That most patients with gout die of renal disease 
is probably true, and the fact that life-insurance companies do not load the 
premiums of patients with gout is probably due to the exclusion of those with 
hypertension or albuminuria. Renal involvement may not be a simple matter 
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of urate deposits. Nevertheless it is claimed that most patients with gout have 
urate deposits in the medulla, giving rise to gouty nephrosis. Sokoloff (1957) 
found evidence of this in 64 out of 80 cases coming to autopsy; but there remains 
at least a suspicion that in addition to the deposition of urate in the kidney there 
is an association between gout and arteriolar nephrosclerosis, either because 
uric acid acts as a nephrotoxin (Folin et al., 1924; Berliner et al., 1950) or, as 
Talbott (1957) believes, the prolonged excessive excretion of uric acid itself 
damages the kidney. Finally, hypertension and arteriosclerosis including 
nephrosclerosis may simply be an integral part of the gouty diathesis. The view 
that hyperuricaemia of itself may be harmful to the kidneys is much reinforced 
by Dixon and Duncan (1959), who describe a remarkable family in which all 
first-degree relatives had hyperuricaemia. The incidence of renal disease was 
very high, producing what they termed familial hyperuricaemic nephropathy, 
in which the inherited hyperuricaemia was the primary cause. Our studies using 
renal biopsy at the London Hospital (Greenbaum, 1959) on 13 cases of gout 
have been somewhat disappointing. In three cases there was obvious renal 
disease, and renal biopsy showed considerable changes with interstitial fibrosis, 
tubular loss, and cellular infiltration, and eight had a slightly abnormal picture. 

If I seem to have strayed somewhat from the joints, it is in order to make 
the point that we cannot deal with the joints in isolation and we cannot decide 
on uricosuric therapy on the evidence of the joints alone. In the light of present 
knowledge it should be instituted early in the hope that it will prevent nephro- 
sclerosis developing. We must await further evidence before we can be sure that 
prolonged uricosuric therapy will, in fact, protect the kidneys and blood-vessels 
from the effects of hyperuricaemia. The situation has now arisen where thera- 
peutic advances have rather overtaken us so far as the joint disorder of gout is 
concerned; patients will not now readily accept prolonged investigation on the 
basis of these symptoms alone—a situation, incidentally, which might have 
arisen in rheumatoid arthritis had corticosteroid therapy lived up to our early 
hopes. Long-term studies of the value of uricosuric agents on the kidney and 
blood-vessels, and the study of the exact relationship of hyperuricaemia to these 
structures, present the most fruitful line of research for the future. 


XANTHOMATOSIS 


I have included a brief mention of xanthomatosis even though it is, I 
suppose, not exactly a metabolic joint disorder, since the xanthomata often do 
not affect the joints. They do, however, appear in the neighbourhood of joints, 
especially the extensor tendons of the hand, and may present a picture very 
similar to rheumatoid arthritis or may be confused with tophaceous gout. 
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Xanthomatosis may involve bone, as already mentioned, and it is marked by 
the recognizable visible coloured label of the xanthoma, xanthelasma, xanthoma 
tuberosum, and arcus senilis, together with an easily measured biochemical 
estimation. 


CONCLUSION 


In view of the present great interest in the relationship of cholesterol and 
other plasma-lipids to atherosclerosis—a relationship which is still obscure 
(Oliver, 1960)—there occurs the interesting possibility that degenerative joint 
disease may have some similar association. Indeed, one is tempted to speculate 
further. A metabolic abnormality is known in rheumatoid arthritis—the 
presence of the rheumatoid serum factor. And there is the high incidence of 
rheumatoid arthritis or other collagen diseases in individuals with agamma- 
globulinaemia (Good and Rotstein, 1960). We recognize the production of 
osteolathyrism, consisting of scoliosis, osteochondritis, and joint dislocation, 
in animals (Belanger, 1959; Ramamurti and Taylor, 1959) by 8-aminopropio- 
nitrile (BAPN) or amino-acetonitrile. This condition is reminiscent of Marfan’s 
syndrome, though distinct from it (Parish, 1960). All this suggests the possibility 
that we have been able so far only to identify those metabolic disorders of joints 
in which there is an easily recognizable, clearly labelled abnormal metabolite. 
Consider for example that, if homogentisic acid was not a strong reducing 
substance and did not turn black on oxidation, might we not have failed to 
recognize the nature of ochronotic arthropathy to this day? Perhaps in the 
future our biochemical colleagues will be able to demonstrate for us a simple 
metabolic abnormality to explain some of the commoner arthritides. 
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ORIGINAL PAPER 


NEEDLE BIOPSY OF THE VERTEBRAL BODIES 


By P. HUME KENDALL 
From the Department of Physical Medicine, Guy’s Hospital, London 


EARLY infiltrating lesions of the bones of the spine in which pathological 
changes are confined to the vertebral bodies frequently present a considerable 
diagnostic problem. Despite improved radiological and laboratory techniques, 
cases in which the aetiology remains obscure are not uncommon. Only by 
obtaining definite evidence by biopsy can a sound pathological diagnosis be 
made and the appropriate treatment instituted. The surgeon is usually deterred 
from open approach by the hazards of deep bleeding which is difficult to control 
and the close proximity of a number of vital structures such as the aorta and 
hemiazygos systems. To overcome this problem Robertson and Ball (1935), 
acting upon a suggestion by Duncan and Ferguson (1936), introduced a method 
of needle biopsy, obtaining material from softened vertebral bodies by aspira- 
tion. Valls et al. (1948) described a modification of this technique designed to 
render the examination of the lumbar and cervical vertebrae free from danger. 
By 1955 these authors had examined 204 vertebral bodies in this way and drew 
the following conclusions: that the method was simple and safe to operate, 
did not cause the patient discomfort, and did not lead to complications. They 
qualified this by observing that only small quantities of material could be 
obtained for examination by aspiration, and that in sclerotic lesions the needle 
could not penetrate to any depth; as a result there was a high percentage of 
failures. Craig (1956), in an attempt to overcome these difficulties, made use of a 
modified Turkel (1951) trephine needle to obtain larger samples. This was, 
however, a complicated method involving a cannula, two cutting needles, a 
trocar, a blunt-pointed stylet, and a sharp-toothed worm. Each biopsy was 
undertaken as a full operative procedure with complete radiological control 
at each stage. Craig did not report the number of biopsies performed in this way, 
but stated that adequate samples could be obtained. 

To overcome the drawbacks of the procedure of Valls and his co-workers 
and reduce the complications of Craig’s technique a new piece of apparatus was 
designed with the aim of securing sufficient material from the vertebral bodies 
to enable adequate pathological examination of the bone pattern without 
endangering the patient. The following report describes the new needle in its 
present form, the technique of biopsy of the vertebral bodies, and the results 
so far obtained. It is not claimed that this procedure is by any means infallible, 
as so far too few patients have been examined and followed up. It is, however, 
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DIAGRAM | .—To show position of needle and tissues through which it passes. 


DIAGRAM 2.—To show method of calculating position of needle-holder from an 
X-ray film. 


\ 
\ 
3 
« SS 2 Vs, 
¢ fife 
M4: = 
55° 7B A He 


238 ANNALS OF PHYSICAL MEDICINE VOL. V NO. 7 


suggested that this new method may well prove to be a valuable diagnostic 
adjunct in a small selected group of patients. The needle is illustrated in Plate 
XVI, Fig. 1. 


THEORETICAL CONSIDERATIONS 


The possible theoretical indications for this procedure are as follows: 


1. Where the diagnosis of a localized vertebral lesion is at all in doubt. 

2. Where there is a suspicion of neoplasm, particularly where bony changes 
develop in patients already known to have suffered from malignant 
disease elsewhere. 

3. The precise differentiation of acute and chronic infections. 

4. Where there is widespread bony disease (such as osteoporosis), but 
radiological examination demonstrates unusual or atypical features 
suggesting that the patient may have more than one disease. 


THE APPROACH 


Before a diagnostic procedure can be considered of value it must be 
rendered safe and as comfortable as possible for the patient, particularly where 
it is to be used for investigating diseases that are not necessarily a danger to 
life. It is therefore essential to consider the anatomy of the approach in detail. 

Surrounding the lateral and anterior surfaces of the vertebral bodies are a 
number of vulnerable structures, particularly prone to damage. In the dorsal 
and lumbar regions the aorta lies to the left and the inferior vena cava to the 
right of the anterior surfaces of the vertebral bodies. In the lumbar region the 
kidneys and renal blood-vessels are closely applied to the vertebral muscles. 
In the dorsal region the thoracic viscera and vasculature, particularly the azygos 
and hemiazygos systems, are liable to damage. 

The only possible pathway is, therefore, from the postero-lateral aspect 
through the sacrospinalis, quadratus lumborum, and psoas muscles (see 
Diagram 1). By striking the posterior part of the vertebral body at a tangent 
of about 35 degrees it is unlikely that the needle will “skid” off the surface to 
strike the vessels which lie anteriorly. Furthermore, it permits the body to be 
entered at its maximum diameter, an important factor when considering the 
amount of available material. Examination of the problem mathematically 
results in the following findings (see Diagram 2): The needle should be inserted 
at an angle of 55 degrees to the horizontal. The distance from the midline of the 
point of skin entry can be calculated from a lateral radiograph by measuring 
the distance from the desired point of entry into the bone to the skin. Knowing 
one angle and the length of its opposite side as a triangle, any other of the two 
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AC 
sides can be calculated trigonometrically. In this case the distance AB = tan. 55° 
AC 
= 7. (from tables). This represents the point of entry. The depth of penetra- 
AC AC 
tion can be calculated from BC = sin 55° ~~ 0-82" 
TECHNIQUE 


The approach must be planned and modified in each case according to the 
site of the lesion and variations in the position, size, and obliquity of the spinous 
processes, transverse processes, articular facets, and, in the dorsal spine, the ribs. 
Study of the anatomy of the dorsal spine will demonstrate that the only possible 
site of puncture of the vertebral bodies is between the upper and lower costal 
facets, penetrating the tough radiate ligament, whereas the whole of the lumbar 
vertebral body is available for examination. It is helpful to have access to an 
articulated spine when planning the procedure, which should also not take 
place without clear lateral and antero-posterior radiographs centred on the 
affected bone. 

Before starting, a radio-opaque grid is placed over the approximate region 
of the vertebra to be biopsied and corresponding skin marks made. A radio- 
graph is taken to define the exact level of entry. The patient is then placed in the 
prone position and a wheal raised at the site of skin entry with local anaesthetic. 
A 0-5-cm. incision is then made in the skin to permit entry of the biopsy needle. 

The guide is next put into position and the exploring needle inserted 
through it at an angle fixed at 55 degrees to the horizontal with the infiltrating 
needle in position within it. It is essential at this stage that the guide be held 
absolutely rigid at right-angles to the patient. The exploring needle is steadily 
advanced until it reaches bone, local infiltration with local anaesthetic proceed- 
ing throughout. 

The first portion of bone to be reached is normally the side of the body of 
the vertebra, but any of the structures described above may impinge upon the 
pathway. Careful planning of the approach from the radiographs may help in 
avoiding these obstructions, but it is not always possible to gauge the exact 
nature of the problem in this way owing to radiological distortion. When an 
obstruction is met the needle must be repositioned for a further approach. It 
is virtually impossible to angle the needle around the obstruction, as this will 
appreciably alter the direction of approach. 
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When the needle is against the side of the vertebral body, antero-posterior 
and lateral radiographs are taken to confirm the position. Warm-dish develop- 
ment and fixation ensure that these plates are available within three or four 
minutes. 

Provided the position is satisfactory, the biopsy specimen is now taken: 
the infiltrating needle is withdrawn, leaving the headless guide, and the sharp- 
toothed biopsy needle is inserted over the guide needle and is thus automatically 
directed to the side of the vertebral body. Once the needle is in this position it is 
advanced with firm pressure in a clockwise direction, thereby cutting through 
the cortex with the sharp-toothed end. It is advanced a further 1-5 cm. and then 
withdrawn. 

Only where the biopsied bone is extremely softened is it necessary to 
aspirate to secure the fragment. A piece of material is obtained which measures 
approximately 1:0 x0-2 cm. when prepared. 

In my experience this procedure is technically easier than renal biopsy, 
but more difficult and lengthy than sternal-marrow puncture and liver biopsy. 
All patients have received light premedication, and only two have experienced 
severe discomfort. In the first four biopsies performed for diagnostic purposes 
the patient had previously undergone sternal-marrow puncture and claimed 
that this was a more disturbing procedure. 


DISCUSSION 


When a new method of biopsy is assessed, the risks to the patient must be 
fully considered and balanced against the potential value of the knowledge to 
be gained. If the procedure results in useful information in a reasonable pro- 
portion of cases, without hazard or harm to the patient, then it is highly 
desirable. What are the theoretical side-effects of needle biopsy of the vertebrae? 
They are: (1) damage to the spinal cord and membranes; (2) bleeding from the 
numerous vessels that are present in the area; (3) wound infection; (4) seeding 
of tumours along the needle track; and (5) aseptic necrosis or further collapse 
of an already partially destroyed bone. It is interesting to note that none of the 
three authors who have performed aspiration biopsies in any appreciable 
number has observed such sequelae. Neither, so far, have any of these complica- 
tions been observed in the present series of cases, despite the fact that a rather 
larger-bore needle has been employed. 

From a purely diagnostic aspect the initial results have been most 
encouraging: the microscopical findings in the first 28 cases are given in the 
accompanying table. A definite diagnosis was made in 19 of these (67%). 
Among these patients, monostotic Paget’s disease with a normal alkaline 
phosphatase level provided the greatest number of diagnostic problems (6 cases). 
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PLATE XVI 


Fic. |.—The biopsy needle. a, The guide. b, The biopsy needle (toothed). c, The 
exploring needle. ¢, The infiltrating needle. 


Fic. 2.—Histological preparation of specimen from early Paget’s disease ( x 48). 
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Fic. 2.—Histological prepara- 
tion showing myeloma cells in 
marrow space ( = 48). 


PLATE XVII 


Fic. 1.—Histological prepara- 
tion of specimen from secondary 
deposit in breast ( x92). 


Fic. 3.—Histological prepara- 
tion of specimen from reticulum- 
cell sarcoma ( = 200). 
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Although a presumptive initial diagnosis of secondary neoplastic infiltration 
was made in 21 cases, in only three of these was this confirmed. This relatively 
small number would suggest that a primary lesion can usually be readily 
detected clinically by the time skeletal secondaries appear. 


TABLE SHOWING THE HISTOLOGICAL APPEARANCES 
IN THE 28 PATIENTS EXAMINED 


Histological Findings No. of Patients 
Paget’s disease (Plate XVI, Fig. al 6 
Osteoporosis as 5 
Secondary cancer (Plate XVII, 

Fig.1) .. a 3 
Myeloma (Plate XVII, Fig. 7.) Re 2 
Haemangioma .. Z 
Primary sarcoma (Plate XVII, 

Fig. 3) . 1 
Normal bone... 8 


From eight of the patients examined the specimen of bone obtained was 
entirely normal. It is essential to ascertain the validity of such “negative” 
results; when no specific pathology is demonstrated it is necessary to follow the 
patient up for a prolonged period to ensure that no error has been made. In 
many of the patients examined a negative result such as this would be as valuable 
as a positive finding provided that it was reliable, particularly where the 
investigation is aimed at excluding malignancy. 

Post-mortem examinations by Shackman and Harrison (1948) show that 
gross tumour deposits may be present without demonstrable radiographic 
changes; and Knuttson (1953) states that such a lesion, to be apparent, must 
have a diameter greater than 1-5 cm. Thus, although it is likely that by the time 
a biopsy is taken—that is, once definite radiological changes have appeared— 
the tissue removed should show a definite pathological change, it is conceivable 
that the biopsy needle might miss the affected portion of bone. In this respect 
it is important to ensure that the part of the vertebral body showing the most 
gross changes should be examined. 

Other technical causes of error, such as incorrect selection of the vertebral 
body, are by no means impossible, but the technique described above has been 
evolved to exclude this. Alteration of the pathological picture by infection, 
previous radiotherapy, or haemorrhage is another theoretical possibility to 
account for error; furthermore, the pathologist may be unable to come to a 
firm diagnosis. It is therefore felt that, whereas a positive finding can be accepted 
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as reliable, full reliance cannot be placed upon negative findings until a sufficient 
number of patients have been followed up for adequate periods. In this respect 
it is of interest to note that, although Ottolenghi (1955) gives a figure of 11% 
and Ray (1953) one of 40% of negative results following aspiration biopsy, 
neither author discusses the importance of this finding, nor have they so far 
described a follow-up of these patients. 

Empirical therapy in these cases, particularly deep X-ray therapy, may be 
useless or even dangerous. The results of this new procedure seem sufficiently 
encouraging to merit its consideration when the history, physical examination, 
and radiological and serological investigations fail to elucidate the nature of 
a vertebral lesion. 

Vertebral biopsy by the method described may be performed without 
difficulty. It is obviously preferable to open operation because of the distinctly 
reduced morbidity, and the impression has been gained that it is a diagnostic 
procedure that should prove of definite value in a small but important group of 
patients. 


SUMMARY 


A new method of biopsy of the vertebral bodies with a trephine needle is 
described, together with the results obtained on examination of 28 cases with 
infiltrating lesions of the spine. The theoretical dangers and causes of error are 
discussed. 


It is considered that needle trephine biopsy of the vertebral bodies is a 
diagnostic procedure that should prove of great value in selected cases. 
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A CORRELATED STUDY OF INTENSITY-DURATION 
CURVES AND TERMINAL NEURONAL 
REINNERVATION OF MUSCLE* 


By E. N. COOMES 
From the National Hospital, Queen Square, London 


It has always been a puzzle that the electrical reactions of weak and wasted 
muscles in certain chronic lower motor neurone degenerations are normal or 
very nearly so. As long ago as 1887 Erb stated that in progressive muscular 
atrophy the electrical reactions of the affected muscles in the early stages of the 
disease were normal. Even after the disease had progressed there was only a 
simple diminution of the faradic and galvanic irritability in many of the nerves 
and muscles corresponding to the degree of atrophy. As the disease advanced 
further the typical reaction of degeneration appeared. 

Until comparatively recently testing the reactions to galvanism and 
faradism has been fairly standard practice, but has been abandoned for reasons 
given fully by Ritchie (1954). 

Characteristic strength-duration curves have been well described by 
Bauwens (1941) and Pollach ef al. (1944). These curves give an objective assess- 
ment of denervation. More recently an abbreviation has been made by Bauwens 
and Richardson (1950). A ratio has been taken of the rheobase current, to the 
value at | millisecond (ms.) or 0-1 ms. duration depending upon the type of 
stimulator used. If this ratio is greater than 2, then some degree of denervation 
is present. For practical purposes this is probably adequate for routine muscle 
testing. 

In chronic lower motor neurone degenerations strength—duration curves 
are often normal or on the border-line of normal, even at a moderately advanced 
stage in the disease, when the muscle under test is weak and wasted. As the 
disease progresses further denervation becomes evident—these observations 
confirm Erb’s earlier work. The object of this paper is to provide an explanation 
for this paradox. 


MATERIAL AND METHODS 


The subject of this study has been a selected group of muscle biopsies, 
stained by vital methylene blue, taken from patients with chronic lower motor 


* Paper read at a joint meeting of the Heberden Society and the British Association of 
Physical Medicine, Buxton, July 25 and 26, 1959. 
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neurone degeneration. It comprises four cases of motor neurone disease and 
one of peroneal muscular atrophy, all of which had weak and wasted muscles 
with normal intensity-duration curves. The technique of the biopsy was the 
same as described by Coers and Woolf (1959). This consisted in location of 
the motor point of the muscle under study by means of a constant-current 
square-pulse stimulator, first on the skin using a pulse of 1 ms. duration, and 
then on the exposed muscle underneath. The majority of nerve fibres and end- 
plates lie in a band 1-2 cm. long in the mid-point of the muscle. When this 
point was found, methylene blue was injected into the area and left for a few 
minutes, and then the piece of stained muscle was removed. The muscle specimen 
was exposed to oxygen for an hour, then partially fixed in ammonium molybdate 
for 24 hours, and finally in formol saline. When this was completed frozen 
sections 100u thick were cut and mounted in the usual way. Intensity-duration 
curves were carried out on the muscle under study before the skin was incised, 
and on the exposed muscle itself. Full curves were performed and the 100:1 ms. 
ratio noted. 


RESULTS 


Because of the technical difficulty in getting adequate photomicrographs 
of the muscle sections, which were cut 100u thick, drawings have been made of 
the terminal nerve supply of the sections under study. The terminal nerve fibres 
run a tortuous route, especially when much branching has taken place. 

Text Fig. 1 shows a section from the right peroneus brevis muscle in a case 
of peroneal muscular atrophy. Two nerve fibres can be seen, the top one giving 
off six branches in its terminal course, and the lower one two branches. The 
intensity—duration curve was made just before the biopsy and is quite normal. 

Text Fig. 2 is a section from the left biceps muscle in a case of motor 
neurone disease. The nerve fibre marked by the arrow shows four branches 
coming from the parent fibre. Early degeneration has just started. The intensity— 
duration curves on the muscle before and after the skin incision was made 
were normal. 

Text Fig. 3 shows a section from the right biceps in a case of motor neurone 
disease. Two drawings have been made here, one showing branching fibres 
alongside degenerating beaded fibres, and the other healthy branching. Again 
the intensity—duration curves are normal. 

Text Fig. 4 is a section from the left biceps in a case of motor neurone 
disease. This shows the tortuous course of the reinnervating terminal fibres. 
The lowest fibre has given off six branches in its course. Again the intensity— 
duration curves are normal. 

Text Fig. 5 is a section from the left biceps in a case of motor neurone 
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disease. This shows branched fibres alongside beaded degenerated fibres; the 
healthy fibre has given off three branches. Here also the intensity—duration 
curve is normal. 


Branched fibres with two end-plates 
coming from one fibre 


6 R.PERONEUS BREV/S RHEOBASE 32 
100:! M SEC RAT/O 
5 1:16 
4 
3 
lmA 
z 
1 3 10 30 100 
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TeExT Fic. 1.—Section and intensity-duration curve from the right peroneus brevis muscle 
in a case of peroneal muscular atrophy. 
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Branched and degenerating fibres, 
one end-plate 


6,4. BICEPS RHEOBASE 4 
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TeExT Fiac. 2.—Section and intensity—duration curves from the left biceps muscle in a case of 
motor neurone disease. 
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Branched and 
degenerate 
fibres 


Healthy branching 
fibres 
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Text Fic. 3.—Sections and intensity—duration curves from the right biceps muscle in a case 
of motor neurone disease. 
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Branching and degenerating fibres 
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TeExT Fic. 4.—Section and intensity—duration curves from the left biceps muscle in a case 
of motor neurone disease. 
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Branching and degenerating fibres 
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Text Fic. 5.—Section and intensity—duration curve from the left biceps muscle in a case 
of motor neurone disease. 
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DISCUSSION 


One of the possibilities that has been suggested to explain this phenomenon 
is that the nerve-cell bodies are affected by the local oedema in the cord, but 
that the axons, still connected up to the muscle fibres, can give a normal 
electrical reaction. This concept has been called “motor neurone apraxia”. 
Another explanation could be that as the muscle loses its nerve supply the fibres 
atrophy and are rapidly replaced by inert fibrous tissue, or that the intensity— 
duration curves were incapable of detecting denervation, because there were 
not enough denervated fibres present to give a reaction. These suggestions, 
although possible, are improbable. 

The results obtained by Edds (1950) and Hoffman (1950), working inde- 
pendently on terminal innervation, and by Coers (1952, 1955a, b), working 
on vital staining of ultra-terminal motor fibres with methylene blue, supply the 
most likely solution. Coers has shown by this method that normally there is a 
constant ratio of one terminal nerve fibre to one end-plate and muscle fibre. 
The actual figure he estimated in normal human muscle was 1-09:1 with a 
standard deviation of +0-059:1 (Plate XVIII, Figs. la, 1b). In lower motor 
neurone degeneration this ratio increases. One parent terminal fibre may branch 
to supply several surrounding muscle fibres, with the formation of new end- 
plates. Coers quotes a case of motor neurone disease in which he found eight 
branched fibres coming from a single parent fibre. There must be a constant 
“mopping up”’ of denervated muscle fibres by contiguous healthy axons. Thus 
one axon supplies several times its original complement (Plate XVIII, Figs. 2a, 
2b). During the time that the muscle fibres are acquiring a new nerve supply they 
may well lose some of their bulk and power. Thus, clinically, weakness observed 
at this stage may be accounted for by this process as well as the coinciding upper 
motor neurone degeneration. 

To return to the concept of “‘motor neurone apraxia” of anterior horn 
cells as an explanation of this phenomenon, Plate XVIII, Fig. 3 shows a bundle 
of fibres, before splitting up, traversing a muscle taken from a case of motor 
neurone disease. Some are normal and others are beaded and show the signs 
of degeneration as described by Coers and Woolf (1959). This means that they 
are no longer connected to muscle fibres as the nerve cell dies. Degeneration 
starts first at the end-plate and spreads centrally. The concept of a poorly 
functioning nerve-cell body with a normal terminal axon is unlikely (Plate 
XVIII, Figs. 4a, 4b). 

Turning to the concept of the rapid atrophy of muscle fibres and replace- 
ment with fibrous tissue as an explanation, this of course does occur, but it 
takes place slowly. Electromyography performed on long-standing denervation 
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Fic. la.—Normal mammalian endings with Fic. 15.—Collagen fibres. 
end-plates. 


Fic. 2a.—Branched terminal nerve fibre and Fic. 25.—Branched nerve fibre with new 

reinnervated muscle, with new end-plate end-plate formation. 
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still shows fibrillation potentials. Weddell et al. (1944) quote a case of polio- 
myelitis in which fibrillation was still detectable 18 years after the initial attack. 
In considering the validity of the intensity-duration curves as a means of 
assessing denervation, in similar situations where there is a partial destruction 
of nerve supply, as, for instance, in a traumatic wound of a peripheral nerve, 
the similarly weak and wasted muscles show the classical changes of denervation, 
the rheobase falls, and a notched curve results. These changes were not observed 
in the cases under study. 

It therefore seems reasonable to suggest that the paradoxical finding of 
normal intensity—duration curves in chronic lower motor neurone degenera- 
tions, for a considerable stage in the disease, is due to this phenomenon of 
sprouting of normal ultra-terminal axons, thereby “mopping up” the denervated 
muscle fibres that lie in close proximity. Although this sprouting is common to 
all lower motor neurone lesions, it is the chronicity of the degeneration in these 
cases that allows this ‘“‘mopping-up operation” to mask the denervation. 


SUMMARY 


Five cases of chronic lower motor neurone degeneration have been studied 
by means of muscle biopsy and electrical reactions in an attempt to explain the 
paradoxical finding of normal electrical reactions in weak and wasted muscles. 
Mechanisms are discussed, and the concept of peripheral axonal sprouting has 
been put forward as an explanation. 
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ORIGINAL PAPER 


A METHOD FOR INCREASING THE DEPTH HEATING 
EFFECT OF INFRARED RADIATION 


By R. HARRIS anp S. K. SARKAR 
From the Rehabilitation Unit, Devonshire Royal Hospital, Buxton 


THE therapeutic action of “radiant-heat sources” is based on the absorption 
of electromagnetic radiation and its transformation into heat in the body 
tissues. The majority of the radiation is absorbed in the skin, and most experi- 
ments on intact human beings (as opposed to animal experiment) have shown 
only negligible rises in temperature in muscle or deep tissues. The radiation pain 
threshold is about 46° C. (Whyte, 1951), and this is an obvious limiting factor. 
A technique which would allow an increase in energy incident on the skin 
surface might be expected to produce increased depth effects so far as tempera- 
ture rise was concerned. 

A technique of applying radiant heat used in Calcutta is to combine this 
heating with a fan or blower, which moves air at room temperature over the 
heated part and apparently prevents beads of sweat forming. Patients are said 
to prefer this technique to conventional heating (Sarkar, personal observation). 
Point concentration of heating in sweat droplets is avoided. The method seemed 
worth investigating, but the clinical assessment of two different forms of 
superficial heating presented insurmountable problems. It was decided instead 
to measure the temperature changes in skin, subcutaneous tissue, and muscle 
and compare the temperatures reached with the two different techniques, at 
the same level of skin pain. 

It was found in preliminary experiments that it was possible to reduce the 
distance between the heat source and the skin by about one-third if the skin 
surface were simultaneously treated with moving air, for the same level of skin 
stimulation. 


METHOD 

The subjects of the investigation were in-patients on the rehabilitation 
unit, without peripheral vascular disease or skin sensory abnormalities. The 
temperature of the room varied from day to day between 19-5° C. and 24° C., 
but not by more than 1-2° C. during any experiment. The patient rested 
comfortably on a couch with one thigh exposed. A 1,000-watt radiant-heat 
lamp (Hanovia) was mounted above the patient at a distance of approximately 
18 inches. The same lamp was used in all experiments, and had been turned on 
for 30 minutes before being placed over the subject. The lamp was run at 
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maximum output for 25 minutes. If the patient complained of discomfort 
within the first five minutes the lamp was moved to a tolerated position, and 
several small moves were often necessary during the initial five minutes to find 
the nearest tolerable position. With the “Calcutta technique” the initial position 
adopted was 12 inches from the patient, and adjustments were made around 
this distance during the initial five minutes. 

Preliminary skin, subcutaneous-tissue, and muscle temperatures were taken 
ten minutes before heating was started, and similar recordings were made 
immediately before and after the heating period and at five-minute intervals 
afterwards, usually until preheating temperatures were reached. A Cambridge 
skin thermometer with needle thermocouples marked off in quarter inches was 
used, so that depth of measurement could be recorded. The apparatus was 
calibrated regularly. At least 30 minutes after heating had finished a similar site 
on the opposite thigh was heated in the same manner, but in addition a fan was 
directed to blow air over the heated skin. The minimum tolerance position for 
maximum output was found by trial in the first five minutes, and was about 
12 inches. Heating with simultaneous fanning was continued for a total of 
25 minutes and temperature recordings were made as previously described. 

The procedure was reversed for alternate cases, in one case the con- 
ventional heating method being used first and then the combined techniques, 
while in the next case the Calcutta technique preceded the conventional one. 


Oral temperatures were also recorded; changes during the experiment never 
exceeded 0-5° C. 


RESULTS 
Ten subjects were studied. A fairly consistent pattern emerged. 


SKIN TOLERANCE 


In all subjects with the Calcutta technique, skin tolerance was increased 
to radiation, in that the distance of the lamp from the skin, for the same output 
of the lamp, could be reduced. Table I shows that the mean distance of the lamp 
from the skin in the conventional technique was 17-6 inches, while with the 
Calcutta technique it was 12-5 inches. As the inverse square law applies to 
electromagnetic radiation, almost double the amount of radiant energy is 
incident on the skin at the shorter distance. 


SKIN TEMPERATURE 


Initial skin temperatures showed close correspondence in both the “‘con- 
ventional” and “‘Calcutta” groups. Table II shows this in detail, and also that 
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the’ final (highest) skin temperatures reached showed close correspondence, 
the means differing by only 0-3° C. Application of the “‘t” test indicated that 
there was no significant difference between these two groups. It is apparent that 


TABLE I 


DISTANCE OF LAMP FROM SKIN AT TOLERANCE LEVEL 
(distance in inches) 


Subject No. 


Conventional Method Calcutta Technique 


— 


| 
| 
| 


16°5 
21-0 
22-0 
16°5 
19°5 
18-0 
18-2 
16-0 
14-0 


Mean 


17:6 


12-5 


TABLE II 


SKIN TEMPERATURES: INITIAL AND FINAL VALUES (°C.) FOR THE Two 


TECHNIQUES 


Subject No. 


Initial Value 


Final Value 


Conventional Calcutta Conventional Calcutta 

Method Technique Method Technique 
1 32°5 40:5 39-5 
2 33-0 32°5 
3 32°8 38-5 39-2 
4 32-8 31-0 39:5 39-5 
5 33°5 37°5 38-0 
6 31°5 | 32-0 38-0 
7 33-0 | 32°5 36:0 37-0 
8 32-0 31-0 37-5 36°5 
9 33-0 32-0 38-5 38-0 
10 31-0 31-8 39-0 38-5 

Mean 32:4 | 32-0 38-4 38-1 
S.D. 0-84 0-71 1-57 1-64 
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the fanning technique does not affect the final skin temperature reached, but 
as a higher energy is incident the amount of heat absorbed by the skin must be 
increased. 


DEEPER TEMPERATURES 
The measurements show a rapid reduction in temperature increase wiih 
distance from the skin in both groups (see graph), but it can be clearly seen from 
Table III that beneath the skin higher temperatures are reached with the fanning 
7 


(A) CONVENTIONAL 
(B) CALCUTTA 


MEAN TEMPERATURE RISE, °C 


_ 


o ¢ ¢ 1 
DEPTH IN INCHES 


Chart showing relation between depth of measurement from skin and rise in temperature 
after 25 minutes’ heating with (A) the conventional method and (B) the Calcutta technique. 


technique than with the conventional method, and that even at a depth of 
1 inch temperature rises of up to 2° C. can be elicited. The “‘t’”’ test showed that 
the temperature differences between the two techniques were statistically 
significant at distances of 4,4, and 1 inch, but not at skin surface level or at 
depths over | inch. 


DISCUSSION 
In our experiments the skin temperatures reached were decidedly lower 
than those usually considered of about pain threshold. Beattie and Woodmansey 
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TABLE III 
DIFFERENCES BETWEEN INITIAL AND FINAL TEMPERATURES (°C.) RELATED TO 
DEPTH 
Conventional Method | Calcutta Technique 
Subject | 
No. | Depth in Inches Depth in Inches 
1 80 40 | 3:8 1:2 — | Pe | | 1-8 
2 6-8 | 2:2 | 2:5 | 1-5 | 0-2 | 7:3 | 3-2 | 3:0 | 2-0 | 0-0 
3 5-7 1:5 | 1°5 0:5 0:5 7-4 4°8 3°8 2°4 0:8 
4 6:7 3:0 | 3-0 2:0 8-5 4:0 3:0 
5 4:0 2°8 1-5 1:0 0:5 4-2 3-2 3°2 1°5 0:5 
6 | 60 | 3-5 | 2:8 | 20 | 1-5 | 60 | 50 | 40 | 3-0 | 1-5 
7 | 3-0 2:5 1-5 0-8 —0:2 4:5 3-8 3:2 0:5 
8 5°5 1:8 535 4:8 3-0 1:0 0:2 
9 | 5°5 | 4°5 2°8 0:0 —0:2 6:0 5:0 3°5 2:2 2:0 
10 8-0 | 4:2 | 4:5 2:0 | 1:5 6:7 5-0 5-0 3-0 2°5 
| | | | 
Mean... 5:9 3-2 | 2-8 | 1°3 | 0:6 6:2 4:4 3°6 | 1:0 
S.D 1:57) 1:53) 0-62 | 0:66 1:64 0:53 0-79 0-65 0-84 
t 0-4 | 2-8 3-1 | 26 | 1-0 
| | Paired 
p .., 0-6 | 0-02- <0-01 0-02- 0-4 [values 
| 0-1 0:01 | | O-O1 | 0-3 | 
| | 


(1955) quote values given by other authors of between 44-1° and 46-58° C.; 
Sonne (1929) was able to reach a value of 44-3° C., and Whyte (1951) one of 
46° C. However, our final temperature was one which could be comfortably 
sustained for 25 minutes, and presumably this is quite a different factor. 
Gersten et al. (1949), studying tissue heating with 15 minutes’ application of 
infrared rays, found temperature rises of 10-3°-10-6° C. in skin and 6-9°- 
7-3° C. in subcutaneous tissue. Temperature rise at | cm. was about 4° C. 
These findings are rather higher than ours, but Gersten and his colleagues 
apparently found little rise at greater depths. Goodman et al. (1956), using 
moist-air cabinets, have found skin-temperature rises of up to 10° C.; rises of 
up to 4° C. occurred at 1-5 cm., and up to 2-1° C. at 3 cm. 

Our results show quite clearly that with the Calcutta modification a greater 
increase in temperature rise occurs deep to the skin than with the conventional 
method of infrared application. It is thus a much more effective method of 
body heating, particularly if depth effects are required. 
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NORTH AND MIDLANDS PHYSICAL MEDICINE CLUB 


THE sixth annual meeting was held at the Leicester Royal Infirmary on March 26, 
1960. Dr. T. K. Davidson was chairman, and Dr. Noel Simpson secretary and host. 

In the morning Mr. Leslie Morris, Consultant Orthopaedic Surgeon, Leicester 
Royal Infirmary, lectured on the “‘Surgical Treatment of Rheumatic Diseases”’. 
After lunch Mr. W. R. D. Mitchell, Senior Consultant Orthopaedic Surgeon, 
Northampton General Hospital, talked on ‘“‘Ham-string Transplants in Cerebral 
Palsy”. He was followed by Dr. Norbert Elias, Reader in Sociology, Department of 
Social Science, University of Leicester, who discussed ‘‘Some Special Problems of 
Social Medicine’. Two films, entitled ““Radiography of the Vertebrae” and ‘‘Treat- 
ment of Sports Injuries”, were also shown. 

Accommodation and hospitality were provided at the Leicester Royal Infirmary 
by kind permission of the House Committee. It was decided to hold the next meeting 
at the Army Medical Rehabilitation Unit, Laighton Camp, Chester. Lieut.-Colonel 
J. M. Milne was elected chairman for the coming year, and Captain Smith was 
elected secretary. 
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ORIGINAL PAPER 


CIRCULATING ANTIBODY PRODUCTION IN 
RHEUMATOID ARTHRITIS* 


By RAYMOND GREENWOOD aAnpbD MOLLIE BARR 


From the Department of Physical Medicine, King’s College Hospital, London, and the 
Department of Immunology (Biological Division), Wellcome Research Laboratories, 
Beckenham, Kent 


IN the Heberden Oration of 1958 Dr. Charles Ragan spoke on the role of 
hypersensitivity in the pathogenesis of rheumatoid arthritis. He described the 
failure to demonstrate antigenic properties in connective-tissue components, 
and stated that the rheumatoid factor provided ihe only support for the 
implication of hypersensitivity in rheumatoid disease. 

In contrast to connective-tissue antigens, less attention has been given to 
the antibody-forming tissues and few studies have been made on the response 
to known antigens of patients with rheumatoid arthritis. Creger et al. (1951) 
gave mismatched blood as a test antigen in a series of “rheumatic subjects’, but 
found no serological hyperreactivity in rheumatoid arthritis. Similarly, Larson 
and Tomlinson (1951) reported that 15 patients with rheumatoid arthritis 
showed no difference in immune response to pneumococcal polysaccharides as 
compared with controls. Most of these patients had demonstrable antibody 
before the injection of what was, in effect, a booster dose. 

in a recent study of antibody production in sarcoidosis (Greenwood et al., 
1958) it was found that there was a reduced response to primary immunization 
with two doses of tetanus toxoid, but no difference in the response to booster 
doses between patients with sarcoidosis and controls. We decided, therefore, ‘to 
investigate the response to primary immunization with tetanus toxoid in 
rheumatoid arthritis. We have found that in a group of patients with rheumatoid 
arthritis of widely differing activity and chronicity there is a significantly 
increased antibody response to primary immunization as compared with non- 
rheumatoid controls. 


CLINICAL MATERIAL 


Two groups of volunteers were studied. They had no previous history of 
tetanus toxoid injections and no evidence of reticulosis or sarcoidosis, which 


* Based on a paper read at a joint meeting of the Heberden Society and the British 
Association of Physical Medicine, Buxton, July 25, 1959. More recent data have been 
included by kind permission of the Editor. 
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might affect antibody response. Group I consisted of 28 patients with rheuma- 
toid arthritis, who satisfied the diagnostic criteria proposed by the American 
Rheumatism Association (Ropes et al., 1956). Their ages ranged from 35 to 61 
(average 48) years, and the duration of the disease, dating from the first sign 
of joint swelling, varied from two months to 20 years, with an average duration 
of 5-6 years. In all cases the hands were involved. Twenty of the patients had a 
raised erythrocyte sedimentation rate (Westergren)—above 20 mm. in females 
and 10 mm. in males—both at the start and the end of the immunization pro- 
gramme. Eighteen patients (67%) had both a positive latex fixation test and a 
positive sheep-cell agglutination (Rose-Waaler) test. Seven others had a positive 
latex fixation test only. The method employed in the latex fixation test was 
modified from Singer and Plotz (1956), and a modification of Greenbury’s (1957) 
method was used for the sheep-cell agglutination test, in which an agglutination 
titre of 1:16 or higher is regarded as positive. All patients were taking anti- 
rheumatic drugs—salicylates, hydroxychloroquine sulphate, or phenylbutazone, 
alone or in combination. The drug treatment was continued unchanged during 
the inoculation period. 

In sarcoidosis we had found a relationship between antibody response and 
active disease, and since a similar relationship might be present in rheumatoid 
arthritis it was important to assess disease activity in the present investigation. 
For this assessment a method was used based on that described by Lansbury 
(1956), which summates duration of morning stiffness, time of onset of fatigue, 
Westergren erythrocyte sedimentation rate (E.S.R.), haemoglobin level, average 
strength of grip, and daily amount of aspirin taken on demand (where applic- 
able). The value of each item of information was converted to a percentage 
from tables published by the author, and the sum of these percentages divided 
by the number of items to obtain an index of disease activity. The grip was 
measured with a mercury manometer, and the haemoglobin estimated by a 
photoelectric oxyhaemoglobin method. Agents known to alter antibody 
response—e.g., deep X-ray therapy—have most effect when they are acting at 
the time the first dose of an antigen is given. For this reason rheumatoid 
arthritic patients were assessed for disease activity on the day they received the 
first dose of tetanus toxoid. 

The control group consisted of 25 subjects who were matched for age and 
sex with the rheumatoid arthritic cases. They consisted of either healthy 
members of the physiotherapy staff or patients who were attending the physio- 
therapy department with non-rheumatoid conditions. None of them had 
evidence of past or present rheumatoid arthritis, and all but one had a sheep-cell 
agglutination titre of less than 1:16. The exception was a control subject whose 
sheep-cell agglutination titre was 1:16, but all the group were negative to the 
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latex fixation test. In all subjects the Westergren E.S.R. was below 20 mm. in 
females and below 10 mm. in males. 


METHOD 


Both groups received two intramuscular injections of 1 ml. of the same 
batch of tetanus toxoid at six weeks’ interval. Blood was taken for estimation 
of antitoxin at the time of each injection and exactly two weeks after the second. 
Tetanus antitoxin titrations were performed in mice at approximately twofold 
differences by the method described by Glenny and Stevens (1938). The absence 
of demonstrable antitoxin in the first two blood samples was strong evidence 
confirming that no previous tetanus toxoid injections had been given to the 
patients. 


RESULTS 
The results of the titrations are shown in Table I. 


TABLE I 


TETANUS ANTITOXIN RESPONSES OF PATIENTS TWO WEEKS AFTER THE SECOND 
OF Two JINJECTIONS OF TETANUS TOXOID 


No. of Persons with Tetanus Antitoxin Titres 
(units per ml.) 
Clinical Group Total 


<0-05 <0-2<0-5 <1-0<2:0<5-0<10-0 

Rheumatoid | | | | 
arthritis 2 1; 1/3 1 | 2 
Controls 1 2 4 3 | 25 


| | | | | 


Difference between titres of the control and arthritis groups is significant at the 0-1 °%. 
level (Fisher’s exact method). 


Since all the rheumatoid arthritic patients were taking one or more anti- 
rheumatic agents, it is possible that this treatment may have altered the antibody 
response in some way. It has been shown that daily injections of sodium 
salicylate reduce antibody response in rats infected with a trypanosome 
(Meyers and Lysenko, 1953) and in guinea-pigs injected with human blood cells 
(Tourtelotte, 1950). Phenylbutazone, on the other hand, has been reported to 
have no effect on the production of antibody to pneumococcus in rabbits. 
(Rother and Katz, 1957). No similar studies appear to have been made with 
aminoquinoline derivatives. 
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We decided to examine the effect of these drugs on the tetanus antitoxin 
response in guinea-pigs. 


EFFECT OF ANTI-RHEUMATIC DRUGS ON IMMUNE 
RESPONSES IN GUINEA-PIGS 


Groups of 15 guinea-pigs weighing 400—450 g. were used, and the drugs 
investigated were sodium salicylate, 250 mg. per kg., phenylbutazone, 100 mg. 
per kg., and chloroquine diphosphate, 16 mg. per kg., given daily. It was found 
that sodium salicylate solution was ill tolerated when given by intraperitoneal 
injection, and therefore all the drugs were given orally, five days per week for 
the duration of the experiment. After a few days of oral administration these 
animals and control groups received a subcutaneous injection of purified 
toxoid, which was repeated after 28 days. Ten days after the second dose the 
animals were bled by cardiac puncture and the individual sera titrated for 
tetanus antitoxin. The results are shown in Tables II and III. 


TABLE II 


No. of Guinea-pigs with Tetanus | 
Antitoxin Titres (units per ml.) 


Mean Total 
>1:0 >2:0 > 5:0>10-0>20-0 | 
<5:0 
Controls .. 3 9 2 | 13-67 14 
Phenylbutazone group .. 2 | 105 11 
Sodium salicylate group. . “0 2 6 2 1 | 7:94 11 


| | | | 

No significant difference between the mean log titre of the control and phenylbutazone 
groups. 

Difference between mean log titre of the control and sodium salicylate groups: 
p=0-02-0-05. 


TABLE III 


| 
| No. of Guinea-pigs with Tetanus 
Antitoxin Titres (units per ml.) 


Geometric Total 
Men |*™ 
>2:0'> 5:0 >10-0 >20-0 
<2:0! 
Controls .. 2 3 4 6 13-9 15 


Chloroquine group a 1 6:37 12 


Difference between mean log titre of the control and chloroquine groups: p=0-02-0:05. 
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No significant effect on antitoxin response was found in animals receiving 
phenylbutazone, but a significant reduction below the 5% level occurred in the 
animals given salicylate and those receiving chloroquine. 

It is known that the effect of steroids on antibody response differs markedly 
in man and certain laboratory animals (Shewell and Long, 1956), and, apart 
from species differences, the drugs were given in bigger doses according to body 
weight than are used in man. They were also given only once daily for five days 
out of seven. In addition, a certain amount of regurgitation occasionally 
occurred and the full dose was not always retained. However, the findings in 
this preliminary experiment suggest that, unless these drugs have a different 
effect in man from guinea-pigs, they can have played no part in the increased 
response of the rheumatoid arthritic patients. 


FACTORS AFFECTING IMMUNE RESPONSE IN PATIENTS 
WITH RHEUMATOID ARTHRITIS 

We have attempted to correlate the immune response of rheumatoid 

arthritic patients with other features of the disease. It must be emphasized that 

any correlation will be only approximate, since not only is there a wide range of 


5-0-10-:0 F x 
r=0-0053 

2:0-5:0 F x x xX x x xx p=>0°1 

1:0-2-:0 x x x 
= 0-5-1-0 x x x 
02054 x x x 
58 0-10-24 x xx 
238 
< 
0-05-0-1 x x x 
c 
0:02-0:05 + 

x 
0-01-0-02 x 
x x 
i iL iL i i iL i i 
2 4 8 16 32 64 128 = 256 512 1024 
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Sheep-cell Agglutination Titre 


Fic. 1.—Comparison of sheep-cell agglutination test with tetanus antitoxin response. 


{ 
| 
we 
t 
q 
j 


GREENWOOD AND BARR: ANTIBODY PRODUCTION 263 


response in both patients and controls, but also the effect of treatment on the 
antibody production in the rheumatoid arthritic patients is unknown and, 
indeed, may have contributed to the somewhat wide scatter of values found in 
this group. However, reviewing the series, there was no correlation between 
antibody response and the patient’s age, or between antibody response and the 
type or dosage of the antirheumatic drugs. There was also no correlation 
between antibody response and the differential sheep-cell agglutination titre. 
The lack of relationship of these two factors is shown in Fig. 1. 

The only feature of rheumatoid arthritis in which there appeared to be an 
association with antibody response was the activity of the disease, which was 
assessed on the day of the first toxoid inoculation. This relationship is shown 
in Fig. 2. 

A comparison of disease activity in patients with rheumatoid arthritis of 
widely differing duration is particularly difficult, since superadded degenerative 
changes may affect performance tests, and any method has disadvantages. Not 


r=+0-524 
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Fic. 2.Comparison of antitoxin response with activity of rheumatoid arthritis. 
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all the features described by Lansbury could be used in all cases. Most patients 
were taking salicylates on prescription and not on demand, and this factor had 
to be omitted in assessing these cases. Other patients were uncertain as to the 
time of onset of fatigue or whether in fact they did develop fatigue earlier as the 
result of arthritis, and in these this factor was also omitted. In all, at least four 
factors were summated: duration of morning stiffness, Westergren E.S.R., 
haemoglobin level, and average strength of grip. The index was adjusted 
mathematically for any missing items. However, with the method used there is 
a significant correlation at the 1 % level. 


DISCUSSION 


Summing up the findings in these preliminary experiments, a group of cases 
of rheumatoid arthritis produced more tetanus antitoxin after primary 
immunization than did non-rheumatic controls. The effect appears to be related 
to the activity of the disease and bears no relation to the sheep-cell agglutination 
titre. This increased antibody response suggests that in rheumatoid arthritis the 
antibody-producing mechanism tends to be hyperreactive—a state which could 
account for the presence in the disease of serological abnormalities, such as 
increased streptococcal agglutinins, without their having any specific aetio- 
logical significance. Whether this hyperreactivity has any causal relationship to 
the disease, or is merely a response to the inflammatory process or to stimulation 
by an unknown antigen, remains for further work to elucidate. 

A preliminary experiment has shown that sodium salicylate and chloro- 
quine reduce antibody response to tetanus toxoid in guinea-pigs. If these drugs 
have the same effect in man, it may be that the increased antibody response we 
observed in rheumatoid arthritis would have been even higher had we examined 
untreated cases. The animal experiments need to be repeated in man, using 
therapeutic doses of drugs. It is possible that many widely diverse antirheumatic 
remedies may induce a reduction in the antibody-producing capacity; such an 
action may contribute to their therapeutic value. 


SUMMARY 


Twenty-eight patients with rheumatoid arthritis, who were taking anti- 
rheumatic drugs, produced significantly more circulating antitoxin after primary 
immunization with tetanus toxoid than did 25 controls. 

Experiments are described of the effect of antirheumatic drugs on the 
response of guinea-pigs to tetanus toxoid. In these animals a significant reduc- 
tion in antibody response was produced both by salicylates and by chloroquine, 
but not by phenylbutazone. Since no drug was associated with an increased 
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antibody response in guinea-pigs, it is unlikely that the increased response in the 
rheumatoid arthritic patients was due to the antirheumatic drugs they were 
taking. 

The increased antibody response showed no relationship to the differential 


sheep-cell agglutination titre, but appeared generally greater in patients with 
more active disease. 


This increased response to primary immunization with tetanus toxoid 
suggests that rheumatoid arthritis is associated with a generally increased 
activity of the antibody-producing mechanism. This association could account 
for the presence in rheumatoid arthritis of serological abnormalities, such as 
increased streptococcal agglutinins, without their being of specific aetiological 
significance. 
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REVIEW SERIES 


PAIN IN THE SHOULDER 


By STEPHEN MATTINGLY 


From the Department of Physical Medicine and Rheumatism, Middlesex Hospital, 
London 


PAIN in the shoulder may be well localized to the tip of the shoulder, but is 
often more diffuse and felt anywhere between the scapula and the anterior chest 
wall, from the occiput to the elbow. Pain may be due to local lesions affecting 
the muscles, bones, or joints of the shoulder girdle, or may be referred from the 
abdomen, chest, or cervical spine. 

Movement of the arm at the shoulder takes place simultaneously at the 
gleno-humeral, acromio-clavicular, and sterno-clavicular joints, and between 
the scapula and the chest wall. Limitation of movement, however, is usually due 
to conditions affecting the gleno-humeral joint. 


THE GLENO-HUMERAL JOINT 
ANATOMY 


The gleno-humeral joint is a ball-and-socket joint formed by the hemi- 
spherical head of the humerus and the shallow glenoid cavity of the scapula, 
slightly deepened by a fibrocartilaginous rim. No other joint permits such a 
wide range of movement, yet there are no strong capsular ligaments, and the 
stability of the joint is dependent on the muscles which surround it. 

The fibrous capsule is remarkably loose, and is attached to the circumfer- 
ence of the glenoid cavity and to the anatomical neck of the humerus, except on 
the medial side, where it is inserted into the shaft of the humerus half an inch 
lower, and hangs as a plicated fold when the arm is by the side; as the arm is 
abducted the fold disappears (Diagram 1). The fibrous capsule is lined by 
synovial membrane which is prolonged distally to line the bicipital groove on 
the humerus, and is then reflected back along the biceps tendon as it passes 
through the joint, to be inserted into the supraglenoid tubercle. The joint cavity 
usually communicates with a bursa between the tendon of the subscapularis and 
the neck of the scapula, and it may also communicate with a bursa between the 
infraspinatus tendon and the capsule posteriorly. 

The posterior, superior, and anterior parts of the capsule are strengthened 
by the flat broad tendons of the rotator muscles—teres minor, infraspinatus, 
supraspinatus, and subscapularis—and in the adult these are so blended with 
each other and with the underlying capsule that they form one structure, the 


266 


| 
i 
on 


MATTINGLY: PAIN IN THE SHOULDER 267 


DIAGRAM 1 .—Section through right shoulder-joint. (a) Joint capsule. (6) Tendon of biceps. 

(c) Articular cartilage of glenoid fossa. (d) Articular cartilage of humerus. (e) Plicated fold 

of capsule. Note disproportion between articular surfaces of humerus and scapula, and 
relationship between tendon of biceps and capsule. 


DIAGRAM 2.—Right shoulder-joint from front. (a) Capsule of acromio-clavicular joint. 

(b) Strong coraco-clavicular ligaments. (c) Coraco-acromial ligament. (d) Subscapular bursa 

communicating with distended joint sac. (e) Transverse humeral ligament. (f) Synovia of 
joint reflected to form sheath for biceps tendon. 
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“rotator cuff”. The joint capsule is also strengthened in front by the coraco- 
humeral ligament, which resists adduction of the humerus and possibly down- 
ward dislocation of the adducted humerus (Basmajian and Bazant, 1959). 

The tendon of the long head of the biceps lies in the shallow bicipital groove 
on the front of the humerus, and is retained in it by the transverse humeral 
ligament and by a fibrous expansion of the tendon of the pectoralis major. 
Invested in its synovial sheath, the biceps tendon passes beneath the transverse 
humeral ligament to enter the joint (Diagram 2); closely applied to the inner 
aspect of the joint capsule, it crosses the head of the humerus to be inserted into 
the supraglenoid tubercle. When the arm is moved, the humeral head glides over 
the relatively fixed biceps tendon for a distance of | to 2 inches. Contraction of 
the biceps muscle produces a change of tension in the tendon, but no movement 
of the tendon in the groove. 

The short rotator muscles, together with the tendon of the long head of the 
biceps, fix the head of the humerus in the glenoid cavity when the arm is moved. 

The shoulder-joint is protected above by an arch formed by the acromion, 
coracoid process, and coraco-acromial ligament. When the arm is elevated, the 
tuberosities of the humerus pass beneath this arch and are separated from it by 
the subacromial (subdeltoid) bursa. A deformed humeral head, a bulky calcified 
supraspinatus tendon, or an inflamed and hypertrophic subacromial bursa will 
impinge against this arch and interfere with normal movement. 

The subacromial bursa separates, and allows gliding movements between, 
an inner muscle sleeve made up of the short rotator muscles and an outer sleeve 
comprising the deltoid and teres major muscles. Its base is firmly adherent to the 
greater tuberosity and to the outer surface of the rotator cuff, while its roof is 
adherent to the under surface of the acromion and the coraco-acromial ligament. 
It extends loosely downwards beneath the deltoid muscle, backward beneath 
the acromion, and forward under the coracoid. The walls of the bursa are thin 
and flimsy in the child, but in middle age they become thickened and the cavity 
becomes loculated by adhesions. The subacromial bursa does not communicate 
with the gleno-humeral joint unless a complete tear of the rotator cuff opens 
into the floor of the bursa. 

The gleno-humeral joint is innervated by branches of the circumflex (C5, 
C6) and suprascapular nerves (C5, C6). 

A knowledge of the anatomy of the gleno-humeral joint is essential in 
understanding the conditions which affect it. But, although clear-cut syndromes 
may be recognized, different lesions can give rise to similar symptoms and signs. 
It is not always possible to differentiate between them by clinical examination, 
and at operation or post-mortem examination more than one lesion may be 
found. I shall discuss those conditions which may be found in patients referred 
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to departments of physical medicine or rheumatism, but will exclude fractures 
and dislocations, as patients with these injuries are usually referred directly to 
the orthopaedic department. 


TEARS OF THE ROTATOR CUFF 


Anatomists have recognized ruptures of the rotator cuff for more than 150 
years, but it was not until 1934 that Codman first described the clinical picture 
of rotator-cuff injuries. 

Tears of the rotator cuff may be complete or incomplete. Partial, or 
incomplete, tears involve the bursal or synovial surface of the cuff or fibres 
within it, but never its entire thickness, so that there is no communication 
between the joint cavity and the subacromial bursa. Complete tears, which vary 
in size from small rents to massive avulsion of the cuff from the tuberosities, 
establish a direct communication between joint and bursa, and joint fluid enters 
the bursa. Patients who have sustained complete tears of the rotator cuff do not 
develop a stiff shoulder, suggesting that this is sometimes due to adhesions 
within the subacromial bursa. This communication between joint and bursa can 
be demonstrated by arthrography (Kernwein ef al., 1957). Codman (1934) 
focused attention on supraspinatus tears, but it is now known that the sub- 
scapularis and infraspinatus tendons are frequently torn also. Rotator-cuff tears 
are commoner in men than in women, in labourers than in sedentary workers, 
and are more frequently seen in the right shoulder than the left. They rarely 
occur in patients under 40 years of age, but in older patients may be caused by 
trivial injuries. 

It seems that degenerative changes in the musculotendinous cuff may 
weaken it. De Palma (1950), in an extensive study of 452 shoulders taken from 
cadavers, discovered that gross degenerative changes developed in the cuff 
during the fifth decade of life, and that these became progressively more severe 
in older subjects. They were frequently associated with cuff tears, and similar 
degenerative changes were seen in the biceps tendon. 

It is easier to make a diagnosis of a torn rotator cuff if the patient has 
sustained a large tear and is seen soon after injury. The patient may describe a 
fall on to the outstretched hand, but is often unable to give a clear description 
of the way in which the shoulder was injured. Sometimes the cuff is ruptured by 
abducting the arm against a sudden resistance, and this may occur when playing 
a forceful back-hand shot at tennis, or the cuff may be torn by a sudden jolt 
as the patient is straphanging in a bus. As well as an acute pain, the patient may 
feel a snapping or tearing sensation in the shoulder and is immediately unable to 
abduct the arm. Pain may subside, only to recur several days later, or it may 
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gradually become more severe, preventing sleep. Pain and muscle spasm make 
examination difficult at this stage, and it is sometimes useful to infiltrate the 
capsule with 10 ml. of 1% procaine (Moseley, 1953); the power of the deltoid 
and short rotator muscles can then be tested. If the patient fails to maintain the 
arm in position when it is abducted to 90 degrees a large cuff tear is certain. 
Sometimes dislocation of the gleno-humeral joint is complicated by a tear 
of the rotator cuff, and if the patient cannot abduct the arm after reduction this 
weakness is attributed to paralysis of the deltoid muscle. The shoulder remains 
permanently subluxed if torn capsule is interposed between the head of the 
humerus and the glenoid fossa, and movement remains very limited. 
Treatment in the acute stage consists in administration of analgesics, 
resting the arm in a sling for a few days, and local injection of procaine and 
hydrocortisone. Pain may be relieved by hot baths or radiant heat, and the 
patient should start pendulum exercises or active assisted exercises under the 
supervision of a physiotherapist as soon as possible. Some surgeons advise early 
operative repair of large tears, certainly within three to six weeks of injury 
(Codman, 1934; Bosworth, 1940; Moseley, 1953). However, McLaughlin (1944) 
and De Palma (1950) believe that there is no appreciable difference between the 
results of early and of late surgical treatment, and point out that some patients 
with extensive tears improve spontaneously; even large tears are compatible 
with good function. De Palma (1950) interviewed 50 patients before death; 
none had a recent history of shoulder pain or limitation of shoulder movement. 
At post-mortem examination, extensive incomplete, and even complete, cuff 
tears were found. Similar findings have been reported at operation and after 
arthrography (Kernwein et al., 1957). While surgical treatment is probably 
indicated in the younger manual worker with severe disability, older patients 
and those engaged in sedentary work may reasonably be treated conservatively, 
at any rate for some months, before advising an operation. 
Complete cuff tears, however, are not common, and the diagnosis of 
incomplete tear is much more difficult, especially when the patient is seen weeks, 
months, or even years after injury. There may be a history of recurring episodes 
of pain and stiffness at the shoulder following excessive use of the arm, and on 
examination the patient may have a faulty scapulo-humeral rhythm, wasting of 
the supraspinatus or infraspinatus muscles, mid-arc pain, or limited shoulder 
movement. Crepitus may be felt as the arm is abducted beyond the horizontal, 
and resisted movements may be weaker than on the opposite side of the body. 
Tears of the subscapularis tendon, which are frequently seen after death, may 
be confused with lesions of the biceps tendon, and De Palma (1950) believes 
that bicipital tenosynovitis often accounts for persistent disability following 
incomplete cuff tears. It is hardly surprising that treatment is largely empirical 
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and frequently ineffective. Pain may be relieved by hydrocortisone injections 
or by physiotherapy, and patients must be taught to avoid activities which 
aggravate it. Surgery can give good results even in chronic cases (Moseley, 1953), 
but the results are difficult to assess, as there are no statistics available by which 
the results of surgical and conservative treatment can be compared. 


CALCIFIED DEPOSITS IN THE ROTATOR CUFF 


Although calcium deposits have been observed in the region of the hip- 
joint, elbow-joint, Achilles tendon, and hand (Lomas, 1959), they are most 
frequently seen in radiographs of the shoulder. Bosworth (1941) found that 
2:7% of 5,061 office workers had visible calcium deposits in one or both 
shoulders when these were X-rayed at routine medical examinations, and 70% 
of these subjects were under the age of 40. De Palma (1950) thought that 
“calcareous tendinitis” was a common cause of shoulder pain, and responsible 
for symptoms in 43 % of 300 consecutive patients seen by him; while McLaughlin 
(1946) discussed the treatment of some 2,000 patients with this condition. 
However, the presence of calcium deposits as seen on radiography does not 
prove that they are the cause of the patient’s pain, which may be due to a 
ruptured rotator cuff, or even to malignant bone disease, angina, or a cervical 
disk lesion. 

These deposits, largely made up of calcium phosphate and carbonate, are 
probably laid down in degenerating tendon. They sometimes appear within a 
few months of injury. It is curious that they seem more prevalent in sedentary 
workers than in manual labourers. The right shoulder is more frequently affected 
than the left, although the deposits are often bilateral. They are located mainly 
in the supraspinatus tendon. Quite large deposits may be symptomless for years, 
although the patient often experiences slight discomfort, with occasional acute 
pain on certain movements, such as sudden abduction or external rotation of 
the arm. Abduction may be restricted because the thickened tendon impinges 
on the acromion. Occasionally the patient develops the characteristic symptoms 
of an acute subacromial bursitis. . 

The onset may be gradual over a few days, possibly following slight 
trauma, but it is usually sudden, and agonizing pain may first wake the patient 
from sleep. Within a few hours the arm is “paralysed”’ and held rigidly at the 
side. The shoulder may appear swollen and is acutely tender, and the pain, 
though maximal at the deltoid insertion, is often referred to the occiput or to 
the fingers, which feel swollen and numb. Acute subacromial bursitis must be 
distinguished from an attack of gout or a pathological fracture of the humerus. 
Radiographs frequently reveal a calcified deposit in the rotator cuff, though this 
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may be small and only seen if several views are taken with the humerus in 
internal and external rotation. Even so deposits may be missed, and Bosworth 
(1941) advises fluoroscopy and spot films. Sometimes deposits are seen at 
operation though not visible on the radiograph. Pain may be due to tension 
within the tendon, as well as to inflammation of the floor of the bursa, for it is 
relieved when the deposit ruptures into the bursa, either spontaneously or as 
the result of treatment. 

Acute symptoms usually persist for a week or two in untreated cases, and 
then movement gradually returns, though this may take months, and sometimes 
the patient develops a frozen shoulder. 

Acute subacromial bursitis can be very painful, and the patient should 
be given adequate analgesics. Aspirin is often quite ineffective, and the use of 
phenylbutazone, Physeptone (amidone hydrochloride), and pethidine should 
be considered. The arm should be rested in a sling or the patient put to bed for 
a few days. Pain may be relieved by dry heat, but ice packs or application of 
ethyl-chloride spray may be more effective. Aspiration and injection of hydro- 
cortisone under local anaesthesia is sometimes very helpful, but may have to 
be repeated within a few hours. Lattman (1936) and Moseley (1953) recommend 
radiotherapy, and I have found that this treatment often gives considerable 
relief from pain within 24 hours. Good results have been claimed for needling 
the deposit and irrigating the bursa (Patterson and Darrach, 1937), and when 
the deposit is large immediate operation may be justified and gives dramatic 
relief from pain. It seems that acute subacromial bursitis may be cured by any 
treatment which results in rupture of the deposit into the bursa, where it is 
absorbed. Symptoms tend to recur if the deposit remains visible on X-ray 
examination after the acute attack is over. 

Treatment of the patient with chronic shoulder pain is less satisfactory. 
The deposit is dry and gritty, not fluid as in the acute case, and cannot easily 
be removed even at operation. Some patients have little disability, and are 
benefited by occasional hydrocortisone injections, by physiotherapy, and by 
radiotherapy. But these treatments are often ineffective, and if patients continue 
to have troublesome attacks of shoulder pain surgery should be considered. 
The deposit can be removed under local anaesthesia, and the results of operation 
are often very satisfactory (Codman, 1934; McLaughlin, 1946; De Palma, 1950; 
Moseley, 1953). 


LESIONS AFFECTING THE BICEPS TENDON 


Codman (1934) believed that lesions affecting the biceps tendon and its 
sheath were rarely responsible for shoulder pain, but this view has been disputed 
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by other workers (Meyer, 1921, 1928, 1937; Gilcreest, 1934, 1936; Schrager, 
1938; Lippmann, 1943; Hitchcock and Bechtol, 1948), and De Palma (1950) 
and Moseley (1953) consider bicipital lesions to be a common cause of stiff 
and painful shoulders. 

Post-mortem studies show that progressive degenerative changes, similar 
to those occurring in the musculotendinous cuff, affect the biceps tendon and 
its sheath from the fifth decade onwards. The sheath is obliterated by adhesions 
and the tendon becomes thickened and shredded; it may be displaced from the 
shallow bicipital groove by bony spurs on the tuberosities to lie in a sling formed 
by the inferior capsule, subscapularis tendon, and coraco-humeral ligament. 
The intra-articular portion of the tendon may be missing, while the distal 
portion is attached to the bicipital groove. 

De Palma (1950) noted that even gross changes were compatible with a 
full and painless range of movement at the shoulder, but shoulder pain may 
be due to: (1) bicipital tenosynovitis (and tendinitis); (2) recurrent subluxa- 
tion of the biceps tendon; or (3) partial or complete rupture of the tendon. 
Moreover, Lippmann (1943) and De Palma (1950) believe that the “frozen 
shoulder” is commonly caused by inflammation of the biceps tendon and 
its sheath. 

Bicipital tenosynovitis may be caused by falls on to the shoulder, or by 
repetitive actions like shovelling snow, sawing wood, or playing tennis. It can 
complicate dislocations and fractures of the tuberosities of the humerus, 
especially when these result in deformity of the bicipital groove. It may be 
associated with tears of the subscapularis tendon at its insertion into the lesser 
tuberosity, and if the rotator cuff is torn the underlying biceps tendon may be 
inflamed by friction against the coraco-acromial arch. 

Pain is felt at the front of the shoulder-joint and at the deltoid insertion, 
but it may radiate to the biceps belly, and sometimes to the neck or scapula. It 
is aggravated by abduction or extension of the arm with the humerus in external 
rotation, and by lying on the shoulder at night. The most constant physical 
sign is exquisite tenderness on pressure over the bicipital groove, and the pain 
can sometimes be reproduced by rolling the tendon under the thumb. The pain 
can seldom be reproduced by making the biceps muscle contract against 
resistance. 

Acute symptoms often subside after a few days’ rest, but in patients over 
40 years of age they may persist indefinitely with a varying degree of stiffness. 
In the early stages oedema and hyperaemia of the tendon and its sheath are 
evident at operation, but later adhesions are found obliterating the sheath and 
causing it to adhere to the overlying transverse humeral ligament or to the 
bicipital groove. These adhesions do not prevent passive movement at the 
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shoulder, but De Palma (1950) found that passive movement was limited if the 
intracapsular portion of the tendon was adherent to the capsule. He claims that 
patients often experience rapid relief of pain and recovery of a good range of 
shoulder movement if the tendon is freed from the capsule, withdrawn from the 
joint, and then sutured to the coracoid process. He has produced some con- 
vincing evidence to support this claim, but it should be noted that, in addition 
to freeing the biceps tendon, he recommends section of the coraco-humeral 
ligament and the coraco-acromial ligament. 

Recurrent subluxation of the biceps tendon is an uncommon cause of 
shoulder pain. The patient notices a sudden painful, and often audible, click on 
movements which involve external rotation of the humerus, and pain is 
immediately relieved by internal rotation, flexion, and adduction of the arm. 
Firm pressure over the bicipital groove may prevent displacement. It is 
occasionally necessary to cut the tendon and suture it to the floor of the groove. 

Rupture of the biceps tendon may be due to contracting the biceps muscle 
against too great a resistance, in which case there may be an audible snap. If 
the tendon is already frayed, however, it may occur insidiously. Patients with 
ill-defined pain and weakness at the shoulder may experience relief from pain 
after the tendon has ruptured. It is usually torn at the upper end of the bicipital 
groove, but may tear at its attachment to the supraglenoid tubercle or at the 
musculotendinous junction. The diagnosis is usually obvious, as the muscle 
belly is unduly prominent and flaccid, and the arm may be bruised. If the patient 
is young it is sometimes necessary to suture the tendon to the bicipital groove or 
to the coracoid process, but older patients require no treatment. 


MID-ARC PAIN 


Mid-arc pain is often attributed to supraspinatus tendinitis, but, although 
degenerative changes can be seen on microscopy in patients under 40, this 
diagnosis is not very convincing. Mid-arc pain can certainly be produced by a 
bulky calcified tendon impinging on the acromion, and may at times be due to 
a localized subacromial bursitis or to a tear of the rotator cuff. Mid-arc pain 
can also be explained by the fact that the supraspinatus contracts more vigor- 
ously during this middle range of abduction. I have seen a ballet dancer, with a 
typical supraspinatus tendinitis, develop the classical signs and symptoms of a 
C6 root lesion due to a prolapsed intervertebral disk, and a diabetic patient, 
with a long-standing mid-arc pain, become free of pain within a few weeks of 
starting treatment for his diabetes. I suggest that mid-arc pain may sometimes 
be referred pain, and that it does not always indicate a local lesion affecting the 
gleno-humeral joint. 
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THE FROZEN SHOULDER 


The frozen shoulder is a syndrome which may follow dislocations and 
fractures of the humerus, severe burns of the upper limb, hemiplegia and herpes 
zoster, operations such as radical mastectomy and thoracoplasty, myocardial 
infarction, bronchial carcinoma, calcific tendinitis and bicipital tenosynovitis, 
hysteria, and prolonged sanatorium treatment for pulmonary tuberculosis. It is 
rare under the age of 40. The shoulder gradually becomes stiff and painful, and 
symptoms are often worse at night. After months, or in some cases years, pain 
ceases and movement returns. Middle-aged women sometimes develop a frozen 
shoulder without obvious cause, and occasionally it is the first manifestation of 
rheumatoid arthritis. Oedema of the hand may be associated with a stiff 
shoulder (Steinbrocker, 1947) with subsequent disuse atrophy, Dupuytren’s 
contracture, or unilateral clubbing of the fingers (Woolf, 1953; Richardson, 
1954). 

Although the condition was at first attributed to an adhesive bursitis, and 
the subacromial bursa may be inflamed in some cases, it is usually considered 
to be a capsulitis. Neviaser (1945) described a low-grade inflammation of the 
contracted capsule, and intracapsular adhesions between the capsule and the 
head of the humerus. These findings have frequently been confirmed at opera- 
tion, and arthrograms show a diminished joint volume (Kernwein et al., 1957). 
De Palma (1950) is convinced that bicipital tenosynovitis is an important pre- 
disposing cause, and recommends transplantation of the biceps tendon, but 
this view is not supported by other workers. We do not know the cause of this 
capsulitis, and it may simply be the result of immobilizing a shoulder which is 
already affected by degenerative changes (Johnson, 1959). 

It is difficult to assess the value of treatment in a particular case, because 
the natural history of a frozen shoulder is very variable. It is often said that the 
condition runs a characteristic course lasting from 6 to 24 months, but pain and 
stiffness may persist for years, and recovery may never be complete. Many 
treatments are recommended, including physiotherapy, radiotherapy, manipula- 
tion, hydrocortisone injections, and steroids by mouth. Manipulation is con- 
demned by De Palma (1950) because it results in tears of the capsule, and he 
recommends transplantation of the biceps tendon. Burt et al. (1952) found that 
gentle traction sometimes relieved pain when other measures had failed, 
especially if hydrocortisone injections were given at the same time. Lloyd- 
Roberts and French (1959) also concluded that manipulation plus local hydro- 
cortisone injections reduced the period of disability. Hume Kendall (1956) 
found that hydrocortisone injections alone were effective in some patients. The 
results of physiotherapy are variable and often disappointing. A few patients 
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seem to respond dramatically to exercises, but pain may be aggravated by short- 
wave diathermy and by exercise. Radiotherapy is seldom of value. Some 
patients seem to do as well with reassurance and analgesics. 

The main object of treatment is the relief of pain, for when pain is relieved 
movement almost invariably returns. Sometimes oral administration of 
steroids, such as prednisone in small doses, relieves pain when no other treat- 
ment has helped. 


ARTHRITIS 


The shoulder-joint is commonly affected in rheumatoid arthritis, and this 
accounts for much disability. A few patients develop marked swelling of the 
subacromial bursa. The gleno-humeral joint may also be involved in ankylosing 
spondylitis, Reiter’s disease, and gout. Acute attacks of gout must be distin- 
guished from palindromic rheumatism and from subacromial bursitis due to 
calcium deposits in the rotator cuff. 

Although progressive degenerative changes affect the articular cartilage of 
the glenoid fossa as early as the second decade of life, the articular cartilage on 
the humeral head is never affected so early in life or so severely. Severe osteo- 
arthritic changes are therefore unusual (Bagnall, 1957), but are sometimes seen 
and may be secondary to old injury or inflammation, to chronic gout, and rarely 
to ochronosis (Cervenansky et al., 1959), osteochondrodystrophy (Lomas and 
Boyle, 1959), osteochondromatosis, and aseptic necrosis of the humeral head 
(caisson disease) (Plate XIX, Fig. 1). Neuropathic joints are usually painless, but 
pain may be referred from the cervical cord in syringomyelia. 

Arthritis may be due to infection with staphylococci, streptococci, pneumo- 
cocci, gonococci, and even salmonellae (Talbot and Hunt, 1957). Kellgren et al. 
(1958) have drawn attention to suppurative arthritis complicating rheumatoid 
arthritis. In elderly patients, or those under treatment with steroids, the 
diagnosis of infective arthritis is easily missed. Weakness of the arm may be 
attributed to a stroke (Blachford, 1953). The joint fluid must be aspirated and 
cultured, and local and systemic chemotherapy should be given as soon as 
possible, for these patients have a septicaemia and often die suddenly and 
unexpectedly. 

The shoulder-joint is rarely affected by tuberculosis, but this diagnosis 
should be suspected if a patient develops a stiff and relatively painless joint with 
marked wasting of the supraspinatus and infraspinatus muscles. Radiographs 
reveal rarefaction and destruction of bone, with sequestra, and sinuses may 
develop. The patient usually has pulmonary tuberculosis. 
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THE ACROMIO-CLAVICULAR JOINT 


ANATOMY 


The acromio-clavicular joint is a small oblique plane joint between the 
scapula and the clavicle. Occasionally a rudimentary fibrocartilaginous disk 
extends into the joint from the superior capsule, and this may undergo cystic 
degeneration (Berbrayer, 1958). The joint is stable because the strong coraco- 
clavicular ligaments anchor the clavicle to the scapula, and it can be dislocated 
only if these ligaments are torn. Although movement at the acromio-clavicular 
joint normally accounts for some 20 to 30 degrees of abduction at the shoulder, 
ankylosis results in little disability (Wiles, 1949). It is innervated by a branch of 
the suprascapular nerve (C5, C6), and, as it is subcutaneous, pain is usually 
well localized by the patient to the tip of the shoulder. 


TRAUMATIC LESIONS 


The joint may be sprained or dislocated by a fall or by a direct blow. 
Sprains are best treated by rest. Pain may be aggravated by adduction as well as 
abduction of the arm, and if it persists it may be relieved by hydrocortisone 
injections, deep friction, or counter-irritation with the Kromayer lamp. Acute 
dislocations should be treated by fixation with adhesive strapping or webbing 
straps for at least six weeks. Chronic dislocations seldom require treatment, but 
if they do cause disability can most simply be treated by excision of the outer 
end of the clavicle (Moseley, 1953). 


ARTHRITIS 


As it is a synovial joint, it may be affected in rheumatoid arthritis or 
ankylosing spondylitis, and rarely by tuberculous infection. Though osteo- 
arthritic changes are commonly seen on X-ray examination, it is doubtful 
whether they cause much disability, although Moseley (1953) believes that 
inferior lipping of the acromio-clavicular joint can cause a subacromial bursitis. 


THE STERNO-CLAVICULAR JOINT 


ANATOMY 


The sterno-clavicular joint is the only joint between the trunk and the upper 
limb. The enlarged sternal end of the clavicle does not fit well into the saddle- 
shaped facet on the manubrium sterni, but a thick fibrocartilaginous disk lies 
between the joint surfaces, dividing the joint into two compartments lined by 
synovial membrane. This intra-articular disk acts. not only as a shock-absorber, 
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but also as a strong ligament binding the clavicle to the first costal cartilage, thus 
preventing medial displacement of the clavicle. The capsule of the joint is 
reinforced by strong interclavicular and costo-clavicular ligaments. Although 
the integrity of the joint depends on its ligaments, it is rarely dislocated, as the 
force of a blow is transmitted along the clavicle and results in fracture of that 
bone. 

When the arm is abducted to 90 degrees the clavicle is tilted at an angle 
of 40 degrees at the sterno-clavicular joint, and movement at both this joint and 
at the acromio-clavicular joint permits rotation of the scapula round the chest 
wall. Ankylosis of the sterno-clavicular joint, therefore, limits scapular rotation 
and prevents full elevation of the arm. 

The joint is innervated by filaments from the medial supraclavicular nerves 
(C3, C4) and the nerve to the subclavius (C5, C6), and, as it is superficial, pain 
is well localized by the patient. 


STERNO-CLAVICULAR ARTHRITIS 


The sterno-clavicular joint may be affected in rheumatoid arthritis, post- 
venereal arthritis, and ankylosing spondylitis. Osteoarthritic changes are 
probably common, although difficult to demonstrate radiologically, and may 
cause pain (Buckler, 1955; Arlet and Ficat, 1958). Acute infections are rare and 
so is tuberculous infection. Bremner (1959) has recently described unilateral 
subacute arthritis of the sterno-clavicular joint occurring in 12 women between 
the ages of 36 and 63. No other joints were affected, and biopsy revealed a 
non-specific synovitis. The prognosis without treatment was excellent, for the 
swelling subsided in nine to twelve months. 

Sterno-clavicular arthritis causes pain which tends to radiate to the breast, 
neck, and shoulder, and is aggravated by movement at the shoulder and: by 
pressure over the clavicle. If severe and persistent, despite treatment with rest, 
analgesics, and local hydrocortisone injections, it can most satisfactorily be 
relieved by resection of the medial end of the clavicle. 


BONE DISEASE AFFECTING THE SHOULDER GIRDLE 


Although the humerus is said to be a common site for primary bone 
tumours, they are rarely seen in medical clinics. Giant-cell tumours and bone 
cysts may be symptomless until the patient sustains a pathological fracture of 
the humerus. Hyperparathyroidism must be excluded. Other benign tumours 
include osteoma, osteochondroma, and benign chondroblastoma (Lichtenstein, 
1959) (Plate XIX, Fig. 2). Primary malignant tumours include osteogenic 
sarcoma, chondrosarcoma, Ewing’s sarcoma, and solitary and multiple 
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myeloma. A slowly growing tumour may cause little pain and disability at first, 
and may be missed unless a radiograph is taken. At a later stage pain often 
becomes constant and severe, especially at night, the shoulder appears swollen, 
and movement is restricted. Primary bone tumours should be suspected if a 
patient under the age of 40 develops shoulder pain which is worse at night and 
aggravated by jarring. Tumours in the scapula may be missed on routine 
radiographs. 

The scapula and upper third of the humerus are relatively common sites 
for metastases from carcinoma of the breast, prostate, and bronchus, and in 
particular for those from carcinoma of the thyroid or from a hypernephroma 
(Plate XX, Fig. 1). These secondaries are usually osteolytic, and if they cause 
expansion of the humeral shaft may be mistaken for primary bone tumours. 
Osteoblastic secondaries from carcinoma of the prostate and breast may also be 
mistaken for osteogenic sarcoma. The differential diagnosis can sometimes only 
be made by biopsy. Occasionally Hodgkin’s disease, lymphosarcoma, and 
leukaemia involve the bones of the shoulder girdle. 

Osteomyelitis of the humerus may cause shoulder pain and must be dis- 
tinguished from Ewing’s sarcoma. It is uncommon to see Paget’s disease in the 
shoulder region, and, while pain may be due to degenerative changes in the 
gleno-humeral joint, pathological fracture or sarcomatous change should be 
suspected. 


PAIN REFERRED TO THE SHOULDER GIRDLE 


Pain referred to the shoulder may be caused by lesions which involve the 
sensory nerve fibres as they pass from the shoulder to the cerebral cortex. The 
brachial plexus may be injured, or irritated by enlarged supraclavicular lymph 
nodes, goitre, neurofibroma, tumours of the upper ribs, secondaries from 
carcinoma of the breast, or Pancoast tumour at the apex of the lung. Erosion 
of the upper ribs and thoracic vertebrae may, however, partly account for the 
pain caused by a Pancoast tumour (Plate XX, Fig. 2). This is often severe and 
prevents sleep, and may be present for months before the patient develops signs 
of damage to the lower trunk of the brachial plexus or Horner’s syndrome. 
Pain is usually felt at the back of the shoulder, shoulder movements are normal, 
and paraesthesia may be felt along the medial border of the hand and forearm. 
Radiographs reveal an opacity at the apex of the lung, which is often reported to 
be due to pleural thickening. The diagnosis may be difficult if there is some 
pre-existing lung lesion such as a tuberculous cavity or apical fibrosis, and a 
tuberculoma may mimic a Pancoast tumour (Williams, 1960). The prognosis 
is poor, but surgery may relieve pain. 
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Acute pain at the shoulder is sometimes due to serum neuritis, neuralgic 
amyotrophy, or herpes zoster, and pain can precede muscle weakness or skin 
rash by several days. 

The lower cervical nerve roots are commonly compressed by prolapsed 
intervertebral disks, and less commonly by neurofibromata or chronic pachy- 
meningitis, which may be syphilitic. The cord itself may be compressed by 
spinal tumours, syringomyelia, or extradural granulation and neoplastic tissue. 
Pain may be referred to the shoulder for months or years before a benign spinal 
tumour causes sensory loss, muscle weakness, or long-tract signs. Pain is often 
worse at night, possibly because nerve roots are stretched by the relative 
lengthening of the cord when lying down. If shoulder pain is aggravated by 
lying flat, and promptly relieved by sitting up, it is almost certainly root pain, 
and possibly due to a spinal tumour. 

Pain is also referred to the shoulder from other deep structures innervated 
by the same nerve roots, particularly C4, CS, and C6. Disease of the lower 
cervical vertebrae is commonly a cause of shoulder pain and may be due to 
injury, infection, neoplastic infiltration, degenerative changes, or inflammation 
in rheumatoid arthritis and ankylosing spondylitis. Pain at the trapezius ridge 
and in the supraclavicular region may be caused by diaphragmatic pleurisy or 
haemoperitoneum. Post-operative pain in the shoulder should lead one to 
suspect a basal pulmonary infarct. 
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THE SEVENTEENTH ANNUAL MEETING 


THE seventeenth Annual Meeting of the British Association of Physical Medicine 
was held at King’s College Hospital, London, on Aprii 29 and 30, 1960, with the 
President, Dr. Hugh Burt, in the chair. 


SCIENTIFIC PROGRAMME 
April 29—Morning. Clinical Meeting 


At a clinical meeting held in the morning of April 29 the following cases weie 
shown: 


. The “‘stiff man” syndrome treated by chemopallidectomy—Dr. PRICE. 
. Werner’s syndrome—DR. COLLINS. 

. Reticulosis and rheumatoid arthritis—Dr. GREENWOOD. 
Bisalbuminaemia—Dr. COCHRANE. 

. Rickets—DRr. COLLINS. 

. Treatment of varicose ulcers—DrR. COCHRANE. 

Arthrogryposis multiplex congenita—Dr. GREENWOOD. 

. Treatment of carpal tunnel syndrome—DRr. COCHRANE. 

. Eggers’s operation: three cases—DRr. COOKSEY. 


On the same morning Dr. Cooksey showed the Functional Assessment Unit with 
illustrative cases. In this unit occupational therapists and physiotherapists are working 
closely together, assessing the problems patients are likely to meet at home and 
teaching them to overcome these difficulties. 

Dr. Cochrane gave a demonstration of “‘lifting’’, assisted by Miss Jobson and 
her staff. The occupational therapy and hydrotherapy departments both gave 
demonstrations of their work. 


April 29—Evening. Symposium on Metabolic Diseases affecting the Locomotor System 

Taking part in the symposium were Dr. R. M. Mason, Dr. S. Mattingly, Dr. J. 
Anderson, and Dr. A. M. Rackow. (The first paper, by Dr. Mason, appears at page 
227 of this issue. Papers II and III will be published later.) 


April 30—Afternoon. Short Papers 
Six short papers were delivered on this occasion. (These will be published in this 
journal at a later date, but the following abstracts are given here for the benefit of 
readers who were unable to be present.) 


Dr. HELENE V. GOODMAN: “‘Median-nerve Conduction Before and After Treatment 
in Patients with the Carpal Tunnel Syndrome” 

The technique was described for measuring the conduction in the median nerve 
from a stimulus at the wrist to an electromyograph needle in the thenar muscles. The 
time for conduction had been measured before and after treatment with operative 
surgery, wrist splints, and hydrocortisone injections. After operation improvement 
in the conduction times had occurred in all cases. With splintage improvement in 
the conduction times was less certain, and in some cases the electrical signs had 
deteriorated even though the patient’s symptoms had improved. Following _— 
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cortisone injections the conduction rates had improved, but not with the regularity 
that was found after operative surgery. 


Dr. PETER SAINSBURY: ‘“‘Neuroticism in Unselected Out-patients attending 

Physical Medicine and Orthopaedic Departments” 

Dr. Sainsbury, who is a psychiatrist, had worked in physical medicine depart- 
ments for two months interviewing out-patients. He had selected patients between 
the ages of 20 and 59 and asked them to complete a questionnaire while they were 
waiting to see the doctor. The Maudsley personality inventory was used. Among 
those who were found to be significantly more neurotic than control subjects were 
patients with low back pain and patients with a diagnosis of prolapsed intervertebral 
disk. Patients with fractures were shown to be unusually extroverted—an observation 
possibly related to accident-proneness. Patients with backache and rheumatoid 
arthritis were discussed in detail. 


Dr. A. ZINOVIEFF: “‘The Work of a Hospital Resettlement Clinic” 

The organization of the resettlement clinic at Dryburn Hospital was described. 
Of the patients considered suitable for resettlement, 60% had been resettled and 40% 
had not. These figures compared favourably with previous published results of 
resettlement clinics. One difficulty was that much of the work in the area was heavy 
labouring. During the three-year period of the survey it had not been possible to 
place any patients in a Remploy factory. 

Following this paper there was a lively discussion. Dr. Cooksey said that every- 
body, including himself, seemed to get approximately 40% of patients in whom 
resettlement was unsuccessful. This was unsatisfactory, and everybody should strive 
to get this figure still lower. 


Dr. P. HUME KENDALL: “Experimentally Induced Steroid Osteoporosis—a Pre- 
liminary Communication” 
Osteoporosis had been induced in rats by prolonged steroid therapy. This 
appeared to be due to disordered osteoblast function. 


Dr. J. P. MILLARD: “The Effect of Superficial and Deep Heating on the Blood-flow 
of the Lower Limb” 

Measurements of blood-flow were made based on the clearance of radioactive 
sodium before and during heating with an infrared lamp or short-wave diathermy. 
The areas studied were the skin of the thigh, the underlying muscle, the knee-joint, 
the anterior tibial muscle, and the same muscle in the opposite limb as a control. With 
either method of heating the major changes in blood-flow were in skin, while the 
changes in the joint and muscles were small. Considerably greater change in blood- 
flow occurred in the muscle with gentle exercise. With either form of heat pain could 
be relieved even when the changes in deep blood-flow were small, and it was suggested 
that the relief of pain might be produced by “‘counter-irritation” or alteration of the 
cold-pain mechanism. 


Dr. M. THOMPSON: “‘Decadron Esters in Soft-tissue and Intra-articular Injection” 
Decadron tertiary butyl acetate had been used for intra-articular injections and 
the results compared with those of injections of hydrocortisone acetate or prednisolone 
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acetate. In many ways decadron tertiary butyl acetate was superior to the other drugs, 
but it could cause systemic effects and sometimes an increase of local pain. For 
soft-tissue lesions the soluble decadron phosphate had advantages over hydrocorti- 
sone, particularly as it caused less local pain. 


X-ray Demonstration 
An interesting demonstration of X-rays was arranged by Dr. A. M. Rackow. 


ANNUAL DINNER 


The Annual Dinner of the Association was held at the Apothecaries’ Hall on 
April 29. *“‘The Association’”’ was proposed by the Minister of Health, the Rt. Hon. 
Derek Walker-Smith. Dr. Hugh Burt, the President, replied. Squadron Leader C. B. 
Wynn Parry wittily proposed the health of the guests, and Dr. F. Dudley Hart, 
President of the Heberden Society, replied. 


ANNUAL GENERAL MEETING 


The seventeenth Annual General Meeting of the British Association of Physical 
Medicine was held at King’s College Hospital on April 30, 1960, at 10.30 a.m. The 
President, Dr. Hugh Burt, was in the chair. The Minutes of the 1959 Meeting, the 
report of the Council for 1959-60, the report of the Honorary Treasurer, the balance- 
sheet, and the report of the Honorary Editor, were all adopted without dissent. 

The rules of the Association were amended so that the retiring President could 
hold office as Immediate Past-President instead of as Senior Vice-President. 

The following officers were elected for 1960-1: 

Vice-President: Dr. W. S. Tegner. 
Honorary Treasurer: Dr. J. Shulman. 
Honorary Secretary: Dr. A. T. Richardson. 
Honorary Editor: Dr. A. C. Boyle. 


The following were elected to fill vacancies on the Council: Dr. R. W. Barter, 
Dr. R. Harris, Dr. V. L. Steinberg, Dr. M. Thompson, and Dr. D. L. Woolf. 


Shortage of Physiotherapists.—Concern was again expressed at the shortage o 
physiotherapists. In the discussion many suggestions were made to help overcome 
this difficult problem. 


Tribute was paid to the work of Miss M. Morris for her valuable secretarial 
assistance in organizing the affairs of the Association during the past year. 
D. A. BREWERTON 
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MULTI-CENTRE RESEARCH PROJECT 


THE Council of the British Association of Physical Medicine has recently considered 
in some detail the desirability of subjecting the many methods of physiotherapy at 
present used for the treatment of patients to thorough scientific trial. It is clear that 
trials of this nature will have to be carried out on a large scale in order to ensure 
valid statistical results, and it is felt that multi-centre trials are the only feasible way of 
achieving this. 

The Council of the Association has, therefore, recently set up a Sub-Committee 
with the object of organizing and directing these multi-centre trials into the efficacy 
of various methods of physiotherapy. The Sub-Committee has invited members of 
the Association to submit ideas for such trials, which, it is envisaged, will be carried 
out simultaneously in a number of suitable hospitals. The Council has also advised 
that the Sub-Committee should appoint a statistical adviser for the final analysis of 
results. 

The following are the members of the Sub-Committee: 


The President of the Association 
Dr. P. Bauwens 

Dr. A. C. Boyle 

Dr. D. A. Brewerton 

Squadron Leader C. B. Wynn Parry 
Dr. A. T. Richardson 


Any member of the Association who has a suggestion for a suitable project for 
such trials should communicate with the Honorary Secretary of the Association. 


At the completion of each trial the report of the Sub-Committee will be published 
in the Annals of Physical Medicine. 


ROYAL SOCIETY OF MEDICINE: SECTION OF 
PHYSICAL MEDICINE 


RICHARD KOVACS PRIZE 


THE Richard Kovacs Prize, value £50, of the Royal Society of Medicine is awarded 
triennially for distinguished work in physical medicine during the previous three 
years. The award may provide the occasion for the reading of a paper by the recipient 
at a meeting of the Section of Physical Medicine of the Society. Applications, giving 
full particulars of the candidate’s work on which the application for the prize is based, 
should be received by the Honorary Secretary, Section of Physical Medicine, 1 Wimpole 
Street, London, W.1, by September 30, 1960. 


285 


H 
| 
ge 
| 
i 


REVIEWS OF BOOKS 


GROWING UP IN NEWCASTLE UPON TYNE. ByF. J. W. Miller, S. D. M. Court, 
W. S. Walton, and E. G. Knox. Pp. 369. 25s. Published for the Nuffield Founda- 
tion by the Oxford University Press. 1960. 

The assumption that the origin of disturbed behaviour in childhood is deeply 
rooted in the personalities of the children and parents, and their ideals of family life, 
has once again been confirmed in this book. It is also shown how marital instability 
and parental incompetence and deprivation are important in the treatment, progress, 
and understanding of pneumonia, gastro-enteritis, accident, failure to grow, squint, 
and enuresis. 

During the course of the survey several interesting epidemiological facts have 
come to light. Herpes zoster probably explains the combined epidemic and endemic 
features of chicken-pox. The school child plays a much greater role than the family 
in the spread of infective hepatitis, and herpes simplex stomatitis appears to be related 
to the presence of a dog in the house. It is not unexpected to learn that 10% of 
morbidity is due to accident. It is surprising to find that 5% of children had un- 
intelligible speech at 5 years of age. 

From the data obtained several useful ideas are forthcoming in the future of 
welfare clinics and the training of doctors. The suggestion that housing, health, and 
social welfare should be integrated into one Ministry seems sound. Considering the 
enormous amount.of work that must have been put into formulating this team study, 
one is left wondering if the end has truly justified the means. 

LESLIE G. ANDREWS 


PHYSICS AND ELECTRONICS IN PHYSICAL MEDICINE. By A. Nightingale, M.A., 
Ph.D., F.Inst.P. Pp. viii+-292. 30s. London: Bell. 1959. 

This is a book which students of physical medicine have been long awaiting. 
Dr. Nightingale is well known to specialists in physical medicine and has exactly the 
qualification and experience to write this book. It covers all the ground for Part I 
of the Diploma in Physical Medicine and will be invaluable for anyone studying for 
the diploma, but it will also be of great interest to all specialists in physical medicine. 

Part I covers the fundamentals of physics relevant to the specialty, with par- 
ticularly good sections on D.C. and A.C. circuits, valve theory, and ultraviolet light. 
Part II deals with the applications of physics to physical medicine, with chapters on 
low-frequency currents, diathermy, and radiation. A number of appendices deal with 
electromyography, stimulators, and microwave and ultrasonic therapy, and there is 
an excellent and helpful section on useful mathematical techniques. A particularly 
useful feature of the book is the profusion of illustrative mathematical examples 
which are fully worked out. 

There are occasional ambiguities—on page 43, for example, it reads as if 
thermistors cannot be incorporated into hypodermic needles; on page 45 the statement 
that twice the work done produces twice the heat is only true for negligible internal 
circuit resistance; and on page 269 RO is surely 240 ohms, not 200 ohms. The section 
on electromyography could well be expanded in view of the importance of the subject. 
Negative feed-back is mentioned but not fully explained, and there is no discussion 
of the technical pitfalls that can confuse the operator into thinking he is observing 
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motor activity instead of valve noise and other defects. A section on running repairs 
in the physical medicine department would be of value. 

The author is to be congratulated on this achievement in covering so much 
ground in such a readable form. 


C. B. WYNN PARRY 


REHABILITATION CENTRE PLANNING: AN ARCHITECTURAL GUIDE. By 
F. Cuthbert Salmon, A.I.A., and Christine F. Salmon, A.LA. Pp. 164+26-page 
supplement. $12.50. Philadelphia: Pennsylvania State University Press. 1959. 

This architectural guide to the planning of rehabilitation centres is interesting 
and instructive. The stated purpose of this book is to present to the architect the scope 
of the rehabilitation problem and to show those in other professions the help an 
architect can give. Reading this book stimulates one into thinking of the positioning 
of the various departments of an ideal rehabilitation centre. Where should the offices 
and consulting-rooms be in relation to the physiotherapy, occupational therapy, and 
other departments? Some of the problems discussed here are not relevant to Great 

Britain. A sheltered workshop is the responsibility of the local authority, and not part 

of a rehabilitation centre. The list of medical staff for the size of the centre and number 

of patients discharged in a year makes one envious indeed. 

This book will have a limited appeal in Britain, but will be read with benefit by 
all those interested in rehabilitation centres. 


A. RANDLE 
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ABSTRACTS OF THE LITERATURE 


Sensory Nerve Action Potentials in Patients 
with Peripheral Nerve Lesions. R. W. 
GILLiaATT and T.A. SEARS. J. Neurol. 
Neurosurg. Psychiat., 1958, 21, 109. 

In this classical paper the authors describe 
in great detail their technique for stimulating 
the digital nerves in the fingers, and recording 
with surface electrodes the sensory action 
potentials produced at the wrist over the 
median and ulnar nerve trunks. Investigation 
has shown that in median and ulnar nerve 
lesions, either no sensory action potentials 
can be recorded, or, if recordable, they are 
of low amplitude and of long latency com- 
pared with controls. 

[This paper is essential reading for all who 
perform clinical electromyography. There is 
no doubt that the authors have demonstrated 
that this is a most important technique which 
should be standard practice.] 

C. B. WYNN PARRY 


The Range of Conduction Velocity in Normal 
Motor Nerve Fibres to the Small 
Muscles of the Hand and Foot. P. K. 
THOMAS, T. A. SEARS, and R. W. 
GILLIATT. J. Neurol. Neurosurg. 
Psychiat., 1959, 22, 175. 

This paper gives values for the conduction 
velocities in a series of normal subjects. The 
mean value for the nerve supplying the hand 
muscles was 56 metres per second. The 
values for the muscles of the foot were less, 
being 49-7 metres per second for the 
extensor digitorum brevis and 43-2 metres 
per second for the abductor hallucis. Since 
the largest fibres in the nerve trunk have the 
lowest electrical threshold, a weak stimulus 
to the nerve may not excite small and slowly 
conducting fibres. Furthermore, with the 
strongest stimulus the time of arrival of 
slowly propagated impulses at the muscle 
will be obscured by the discharge of earlier 
units. Thus there is no simple method of 
measuring the conduction rate of slower 
fibres in motor nerve. 

The authors describe a technique for over- 
coming this difficulty. Briefly, an antidromic 
volley is put into the nerve distally a few 
milliseconds before the test shock, and if 
maximal it will extinguish the descending 
volley from the test shock. By gradually 


increasing the strength of the preceding 
shock the response to the second is pro- 
gressively eliminated. It was found that 
motor fibres which conduct with a velocity 
between 30 and 40% below maximum 
supply both the hand and foot muscles. The 
significance of this finding is discussed and, in 
particular, it is related to the finding of slow 
conduction velocities in surviving fibres after 
poliomyelitis or in motor neurone diseases. 
C. B. WYNN PARRY 


Electrical Changes Following Section of the 
Facial Nerve. R. W. GILLIATT and 
J. C. TAYLOR. Proc. roy. Soc. Med., 
1959, 52, 1080. 

The electrical reactions of the facial 
muscles were studied in four patients with 
acoustic neuromata in each of whom the 
facial nerve was divided at operation. In 
each patient strength-duration curves and 
electromyograms were recorded and con- 
duction velocities measured. It was found 
that electrical evidence of degeneration can 
be found on the fourth day after section. The 
authors point out that the time taken for 
degeneration is not as rapid as in Bell’s 
palsy. They suggest that electromyography 
may reveal surviving motor-unit responses to 
nerve stimulation at a time when no twitch 
can be seen in the muscles concerned: thus 
nerve stimulation without electromyographic 
recording might give a fallacious result. The 
authors also describe slowing of nerve con- 
duction during regeneration of the facial 
nerve in the same way as in motor nerves of 
the limbs. : 

C. B. WYNN PARRY 


Chondromalacia of the Patella. P. WILEs, 
P.S. ANDREWS and R.A. BREMNER. 
J. Bone Jt Surg., 1960, 42B, 65. 

The authors describe a series of cases of 
removal of the articular cartilage of the 
patella for chondromalacia. In 22 out of 28 
knees the results were successful. Func- 
tionally the knees were at least as good as 
after patellectomy. It is suggested that 
excision of articular cartilage is contra- 
indicated during adolescence. 

C. B. WYNN PARRY 
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SINGLE & DOUBLE CHANNEL 
By STANLEY COX LIMITED 


Foremost in the design and production 


of Electromyographs and following the 
immense success of previous models, these, 
the latest of the Stanley Cox range incor- 
porate the most advanced electronic tech- 
niques and provide facilities to meet the up- 


to-date demands of the Medical profession. 


The basic instrument comprises a specially 
designed high gain low noise single or double 
channel amplifier and cathode ray tube 
display together with a constant voltage 
stimulator, the output of which is 
synchronised with the cathode 

ray tube display. 


* optional additional 
features are :— 


Camera and second 
cathode ray tube for 
photographic recording. 


Magnetic Memory enabling 

g electrical activity to be recorded 

3s and played back both visibly and 

Ss audibly. Transistor pre-amplifier for 
it use with surface electrode in sensory 
i= nerve conduction measurement. 


Please send for full technical specification, details and prices 


STANLEY COX LIMITED 


MEDICAL DIVISION 


ELECTRIN HOUSE, 93/97 NEW CAVENDISH STREET, LONDON, W.1 


Telephone: LANgham 4551/6 Telegrams: STANLICOX, WESDO 
S.C.54 
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vi ADVERTISEMENTS 


experience... 
at your 
fingertips 


When you choose Hanovia ultra-violet 
and infra-red equipment, you combine 
with your own knowledge a fund of 
manufacturing experience. 

You have known Hanovia for many 
years, and it is because of this con- 
fidence that Hanovia products are so 
widely accepted today. 


ENGELHARD HANOVIA LTD 


Bath Road Slough Buckinghamshire 
Telephone: Burnham 500 
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ADVERTISEMENTS 


S& maximum deep-heating efficiency 


+ SIEMENS ULTRATHERM 603 


Supelr automatic 


3 1. Operating frequency 27.12 M/cs. 
# 2. Fully automatic tuning. 
9% 3. Automatic treatment timer. 


3% 4. Patient switch facilities. 


SIEREX LTD 


241 TOTTENHAM COURT ROAD, LONDON, W.| Telephone: LANgham 2464 
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ELECTRODIAGNOSTIC & TREATMENT 
Stimulators 


(As supplied to the R.A.F.) 


viil 


ADVERTISEMENTS 


Type V 


A precise diagnostic unit which meets fully 
the specification set out in the M.R.C. 
report (B.M.J. 20.9.58). 


Type II (As illustrated) 


A combined treatment and diagnostic unit 
which will produce all normally used 
stimuli (Faradic, Galvanic, both surged and 
unsurged). 


For full details write to: 


S. §, ELECTRONICS LTD. 


SEVERALLS AVENUE 
CHESHAM, BUCKS. 
Telephone: Chesham 409 


Occupational Therapy 


THE OFFICIAL JOURNAL OF 
THE ASSOCIATION OF OCCUPATIONAL THERAPISTS 


Monthly Price 3s. per Copy Annual Subscription £1,12.0 
CONTENTS INCLUDE 


Original articles. Reports of 
Lectures. Book Reviews. 
Correspondence. 


News of the Association and news from Overseas of 
general interest to Occupational Therapists. Articles from 
allied professional journals, at home and abroad. 


Recent Issues have included: 


Six months in Yugoslavia. 
Rehabilitation, West Park Hospital, Epsom. 

The Functional Assessment Unit. 

The treatment of defective children. 

Leprosy. 

Art in relation to Psychiatry. 

Glimpses of the congress of the World Federation of Occupational Therapists at 
Copenhagen, Denmark. 


251 BROMPTON ROAD, LONDON S.W.3 
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